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made  payable  to  the  "Fort  Monmouth  Chapter,  AFCEA".  Copies  may  also  be 
obtained  for  a nominal  fee  from  the  National  Technical  Infonnatlon 
Service  (NTIS),  Operations  Division,  Springfield,  Virginia  22151. 
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Documentation  Center,  Cameron  Station,  Alexandria,  Virginia  22314. 
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MESSAGE  FROM  THE  GENERAI.  CHAIRMAN 


We  of  the  Fort  Monmouth  Chapter  of  AFCEA  are  delighted  to  host  the 
second  annual  seminar  on  "The  Art  of  CormunlcatlDns  Interfaces"  and 
trust  that  todays  presentations  and  discussions  will  bring  us  closer 
to  a technical  and  operational  understanding  of  vdiere  we  are  In  the 
state  of  this  art . 

Mope  than  ever,  the  Interfaces  among  camunlcatlons  systems  are  crucial 
to  the  timely  and  accurate  transmission  of  the  highly  sensitive  comnand, 
control  and  Intelligence  Information  needed  to  win  battles  and  wars. 

This  Is  as  true  for  the  peace  time  detente  situation  as  It  Is  for  the 
nuclear  hot  war  amageddon.  It  Is  Inlthls  context  that  the  subject  of 
communications  Interfaces  Is  so  vital  to  the  national  comnand  authorities. 
This  seminar  presents  10  papers  on  Important  aspects  of  .tactical  and 
strategic  cortmunJ cations  systems  Interfaces. 

The  Port  Monmouth  Chapter  Is  very  grateful  for  the  time  and  effort  put 
Into  the  promulgation  of  this  eemlnar  by  the  Generals  Paschall,  Hoover, 
Hllsman  and  Paige  and  for  the  speakers  and  their  respective  organiza- 
tions and  of  course  to  the  Chapter  Staff  for  their  untiring  efforts  and 
devotion. 


Your  dialog  discussions  and  comments  are  highly  appreciated  in  improving 
the  seminar  as  a forum  and  suggestions  for  future  topics  are  also  most 
welcome . 


riKMEPflJ.  Cl'AIPyi/'J! 


Seymour  ?"revsky  ras  bom  or.  .?  July  ]QJ0  in  Elizabeth,  Eev;  Jersey,  ^-e 
received  the  PS  in  EE  de^ee  from  the  Eev.'ark  ^cllefre  of  Errineerirr , 
Newark,  Mev;  Jersey  in  19^'?  and  the  NE  in  EE  in  1'^'^''. 

’'■’r.  Krevsky's  career  has  included  mobile  ralic  rrcj'ec':  enrineerinr  '.\tLth 
the  Signal  Corns  Fr^^ineerinr  laboratories  in  Fort  *'cnr.cuth  fr-'m.  2 9^2  to 
IQijij  and  19^^6  to  1^50  v.'lth  a mar  !^or  rdli'^ar'.’  ser’.'lce  v;lth  the  Jrr'.v  Air 
Corn's  Air  Technical  Sem'ice  Commrr.i  at  V.rlrh*:  Patterson  Air  Force  Ease, 
Dayton,  Ohio.  From:  1950  to  hr  v.as  ''hie'’,  'licrcwave  DF  and  Ar.terria 
.Section  of  the  SCFI,  Coant e'rr'.easures  Pivirion.  "r.  Erevsk>’  ^^oir.ed  E'^A's 
Advanced  Comunications  Labor’ator’,’  in  ’av:  Vori:  ^i‘'v  from  1^5'^  to  June 
195?  and  returned  to  Fort  Nonmouth  in  J'-rie  lO'^-  to  the  nosit  ion  Deputy 
Director  of  the  Fnrlneerirr  Directorate  of  T Army  ^orTTir:ica''ions  System 
Arency.  Currently  he  is  '"hief  of  the  franzr.issicn  '^ivision  of  the  Product 
?''anamer  for  DCS  Aumy  PJ^D  System  in  ’TAESA. 

He  is  a senior  meiTiber  of'  tf.e  Tnstir're  of  rflectrical  and  Electronics 
EriTineers  and  a past  President  'f'  *:he  Nev;  Jersey  Coast  'Thanter.  ?ie  is 
President  of  the  Fort  Eonrouth.  ''barter  of  AvF^FE.  and  a Fellow  of  the 
American  Association  for  the  Advancement  of  Science. 


TECHNICAL  CHAIRMAN 


BERNARD  D.  DE  MARINIS 


Mr.  De  Marinis  is  a Project  Engineer  at  Booz,  Allen 
Applied  Research.  He  has  more  than  nine  years  of  profes- 
sional experience  in  fiber  optics,  satellite  communications 
systems,  digital  tropospheric  systems,  down-the-hill  commu- 
nications, and  ECM  systems.  He  has  been  extensively  involved 
with  military  inventory  radio  equipment  assemblages  and 
their  tactical  and  strategic  communications  interfaces. 

Mr..  De  Marinis  received  his  B.F.E.  degree  from  the  City 
College  of  New  York  and  his  M.S.E.E.  degree  from  the  Poly- 
technic Institute  of  Brooklyn.  He  has  also  completed  the  major 
portion  of  the  course  requirements  for  a Masters  Degree  in 
Business  Administration  from  Fairleigh  Dickinson  University. 

Mr.  De  Marinis  has  been  an  officer  of  the  Microwave 
'^heory  and  'techniques.  Antennas  and  Propagation,  and  Circuit 
& Systems  groups  of  the  IEEE  and  was  chairman  of  the  197fi 
International  Microwave  Symposium,  He  is  presently  ^^ice 
Chairman  of  the  Princeton  Section  IEEE  and  is  a member  of 
AFCEA,  the  Association  of  Old  Crows,  ADRA , Tau  Beta  Pi,  and 
Eta  Kappa  Nu. 


U'!''C1'F0M  CPJ'.TpyAM 


r)A’'?TEL  A. 

'•!r.  Peterson  is  the  ^eF'lone.i  ’■"arke'^^nr'  ’'■'fenarer  for  GTE  Pylvar.ia  Incorporated 
a position  he  has  held  tor  '"he  pas*"  thre®  vears. 

A native  of  Portage,  Wisconsin,  h*^  received  a PPEE  decree  fron  the  ’’niversi 
of  Wisconsin,  and  did  praduate  v.'crk  in  Electrical  Enpineerlne"  and  Phvsics  at 
the  University  of  UichiFan  and  Gol’.x’.fcla  "niversitv. 

He  entered  the  Peprular  ^^ficers  ''orps  of  '"he  UP  Acnny  in  1^50,  after  beinj' 
deslpr.ated  f-p^rn  the  POTC  rr'''rn''ar'; . ^'is  serndce  in  the  Pineal  Corns  in- 
cluded a '^onnunicatlor.s  Officer  in  the  Uorean  War,  Instructor  in  the  Oenart- 
nent  of  Electricity  of  the  ^p  yilltart/  Acadenv,  ajed  on  two  senarate  occasion 
an  Instructor  here  at  Fort  'v'onr.ou^h  in  the  Officers  Penartr.ent  of  the  Pipnal 
School . 

OiurinF  his  twenty  years  in  industr.',  he  has  served  in  rany  enrineerinr  and 
rrarketinp  manaperent  positions  with  '■btorola  and  GTE  Pylvanla. 

He  is  currently  Vice  President  o*'  Prorr’ars  for  the  Port  Monmouth  Tcanter, 
APCEA;  Secretary  of  the  Industrial  PerreserOatives  Association  and  is  a 
member  of  TEEE,  AUPA,  Aj\AA  and  <^ld  '^row's  Associations. 


^e  resides  in  dolts  Meek,  Mew'  Tersey  v.d'rh  his  wdd'e  and  thi’ee  children. 


I-  LTET’TKMA^r  OKNEPA.L  I£E  McQ’’ERTEF  PAPCfiAlL 

Lieutenant  General  Lee  ’'■■cOuerter  Paschall  was  bom  in  Sterlir^g,  Colo.,  on 
January  Cl,  1^22,  and  (?7’aduated  from  Phoenix  Union  HirL  School  in  Phoenix, 
Arizona  in  193'^.  He  attended  the  f'nlversity  of  Alabama  and  obtained  a BA 
in  History  in  June  1^37.  Later  he  attended  the  Georre  V.’ashin.grton  University 
and  received  the  YA  depree  in  International  Affairs  in  J'one  1Q6^J. 


His  commands  include  the  Comm.ani cat  ions  ^ericn  (APCS)  and  Deputy  Director 

of  Comand  Control  and  'Communications-  and  Director  July  1°71.  He  assum.ed 
duties  as  Director  DCA  on  ^0  July 


As  Director,  General  Paschall  is  responsible  for  the  manamement  and  direction 
of  the  worldwide  Defense  Corrrunicatlons  System.  !'e  is  also  responsible  for 
the  system,  enmineerirr  and  technical  support  to  the  national  Military  Command 
System:  and  for  provision  if  f technical  suppor+‘  to  the  worldwd.de  millltary  conmanG 
and  control  standard  automatic  data  rrocessinr  systems.  In  his  capacity  as 
Manaprer,  national  Communications  Sys*:em.,  he  is  responsible  for  providing:  effective 
direction  to  the  w'orldwdde  national  'Crrr;uni  cat  Ions  System,  which  includes  the 
communications  facilities  of  the  various  Federal  arencies.  The  Director,  DCA, 
is  also  Chairman,  Uilltar:/  Communications-Flectronics  Foard,  providing  a liaison 
point  for  .;Joint  and  intem.atlonal  communication?  matters. 

General  Paschall  is  married  to  the  ''ormer  Fonnie  F/dwards  of  Denver,  '^olo.  They 
have  three  children:  Patrlcl.a  Ann.  GrlTlos,  Stephen  L.  , and  David  F. 
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WJOB  OE'^PAL  .TCH!':  ^LV/OOD  FOO\^R 

John  E.  Hoover  was  bom  in  "Timbervllle , Vireinia,  28  Aorll  192^.  He  en- 
listed in  the  Army  in  1QU2  and,  after  serving  IB  months  as  an  enlisted 
man  in  the  Signal  Corns,  ’,vas  discharred  to  enter  the  US  Military  Academy, 

West  Point,  New  York.  TTpon  graduation  In  , he  was  commissioned  a 2nd 
Lieutenant , Signal  Corps , in  the  Regular  Anrny . 

Tn  IQRS  Ceneral  Hoover  was  assigned  to  Washir^rton,  DC  where  he  attended 
Ceorgetoim  University,  graduating  v.dth  a Masters  Degree  in  International 
Relations  in  1955.  ^om,  1955  to  19R8  he  was  a member  of  the  faculty  of 
the  Denartment  of  Social  Sciences  at  the  I'S  Military  Academy. 

His  commands  include  29th  Signal  Pattalion,  HO,  US  Anmy  Europe;  CO, 

Regional  Communications  Groun,  1st  Signal  Brigade  in  Vietnam  1969;  Direc- 
tor Communications  Svstems  and  r»ervitv  Assistant  Chief  of  Staff  for  CE  in 

1073. 

In  August  1973,  Ceneral  ?!oover  assvnned  duties  as  the  Deputy  Commanding 
General,  US  Anmy  Comm.unlcations  Comnand,  Fort  Huachuca,  Arizona,  leaving 
that  position  to  become  Director,  Joint  Tactical  Conmunlcatlons  Office, 

Office  of  Secretary  of  Defense  (TRI-"^ACl,  Fort  Monmouth,  N.J.  in  August  l'^7^. 

General  Hoover  is  married  to  ^he  fnrmei’  '•’ary  Jo  Cox  of  Yierna,  Georgia. 

They  have  two  daughters,  Mary  Kathr','n  and  I'olly. 
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Brigadier  General  Einmett  Paige  Jr.  was  bom  on  20  February  1931  In  Jackson- 
'/llle,  Florida.  He  received  a PA  degree  in  Business  Administration  from 
the  University  of  ?^aryland  and  the  Piaster  of  Public  Administration  Degree 
from  Pennsylvania  State  ’Jnlversity.  Pfe  attended  the  Signal  School,  Basic 
and  Advanced  Co'urses,  US  Army  Command  and  General  Staff  College  and  the  Army 
War  College.  His  assignm.ents  include  pro,1ect  officer  in  the  ITNICOM  Systems 
Office  1966,  Deputy  Pro,1  rianagmfor  B\'CS  1968,  Chief  Voice  Network  Global 
Management  Branch,  Operations  Directorate  DTA,  1973,  Deouty  Chief  of  Staff, 
Army  Communications  Conrand,  Fort  Huachuca,  AZ  197 A,  Commander  11th  Signal 
Group,  US  Army  Communications  Command  1975  and  Commanding  General  US  Army 
CoriTnunlcatlons  -'Systems  Agency /and  Project  Manager  DCS  Army  Communications 
Systems/Commander,  Tjs  Army  C-F,  Frgineerlrg  Installation  Agency  in  1976. 

He  lias  been  awarded  the  Joint  Sem/lce  ."'ommendat ion  Medal,  The  Bronze  Star, 
The  Meritorious  .Ser^/lce  Medal  , the  Arm\'  Commer.dat  ion  Medal  and  the  Legion 
of  Merit  with  two  Oak  leaf  Clusters. 


'■!AJOR  aSZFji.L  V.Tn.TA-y  JOSEPH  HTLSVA': 


P!aior  General  V’llllar.  J.  Hilsman  v.-as  bom  or.  1"^  '•'arch  1°P2  in  St.  Louis , 
Missouri.  He  is  a praiuate  of  the  US  Arr-.y  Militar:/  Acader,v  and  Connand 
and  General  Staff  Cclleee.  He  also  has  an  MU  in  EE  demee  frorr.  North- 
eastern Universtiy.  ?’e  has  v.d.de  exrerience  In  '■'anapement  Information 
■Systems,  havir.^  been  Haief,  Scientific  Era’ineerir.m  Evaluation  Division  of 
the  Tnfonaation  and  Data  Systems  Comand  1^^'^,  Simal  Systems  Flans  Officer, 
Management  Information  Systpm.s  Officer  1966,  Assistant  ’’ice  Chief  of  Staff, 

US  Army,  and  Advisor  to  Director  ’•TS,  Office  of  Assista.nt  ’.’ice  Chief  of  -Staff. 
General  Hilsman  has  commanded  the  1st  Slmal  Grour  Eort  Levhs , V.'ashlrirton 
1973  to  1975  and  in  Eort  Monmouth  ras  Prc.-iect  "ana^er,  .Army  Tactical  Data 
Systems  (APTADS)  and  Actinp:  Conmander  of  COFJ\DCf^M  u.ntll  this  later  year  \^;heh 
he  assumes  his  new  Comand  as  Commr.der,  ’’S  .Arm.y  Simral  Center  and  School 
at  Fort  Gordon,  Geormia. 
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Abstract 

The  Defense  Communications  System  (DCS)  is  an  integral  part  of  the 
Worldwide  Military  Command  and  Control  System  (WWMCCS)  and  as  shown  in 
Figure  1,  the  DCS  provides  the  principal  connectivity  between  the  National 
Command  Authorities  (NCA)  and  the  elements  of  the  Armed  Forces.  It,  thus, 
provides  most  of  the  long  distance  or  long  haul  communications  for  the 
Defense  Department.  This  paper  discusses  the  DCS  as  it  exists  today,  and 
how  we  plan  to  change  the  DCS,  in  the  1985  timeframe,  to  be  responsive  to 
the  WWMCCS  requirements. 

Introduction 

The  current  system  today,  the  DCS,  is  a worldwide  system.  As  shown  in 
Figure  2 it  extends  from  the  Continental  United  States  (CONUS)  to  Europe  and 
beyond  into  Turkey,  it  can  also  serve  parts  of  Africa.  It  connects  CONUS 
with  the  Far  East,  Taiwan,  the  Philippines,  and  beyond  (the  Indian  Ocean 
area).  Therefore,  it  is  truly  a worldwide  long  haul  communications  system. 
The  concept  of  the  DCS  today  is  based  on  the  utilization  of  the  extensive 
public  telephone  service  that  exists  throughout  the  world  and  has  the 
characteristics  shown  in  Figure  3.  In  cases  where  the  commercial  service 
is  not  adequate  it  is  supplemented  by  Government  owned  facilities.  This 
dependence  on  the  public  telephone  service  means  extensive  use  of  frequency 
division  multiplex  and  analog  switches.  Because  the  DCS  draws  on  such  a 
rich  transmission  capability,  the  public  telephone  service  throughout  the 
world,  it  is  quite  survivable  and  can  draw  on  the  other  available  resources 
within  these  countries  to  provide  alternate  routes  in  case  the  primary 
should  should  fail.  However,  as  a result  of  this  dependence  the  capability 
to  provide  secure  transmission  and  certain  other  military  features  is 
1 imi ted. 

A typical  communication  system  is  depicted  by  Figure  4,  as  shown  here 
the  communications  system  takes  advantage  of  a long  haul  pipe,  indicated  by 
the  large  black  surface  in  the  long  haul  section  of  the  slide.  The  access 
areas  are  those  regions  where  channels  of  the  different  subscribers  are 
concentrated  into  groups  and  added  together  to  take  advantage  of  the  long 
haul  capability.  The  local  loop  region  is  generally  where  most  of  the 
subscribers  are  located,  and  they  may  enter  the  system,  or  take  advantage 


of  the  long  haul  facilities  by  several  different  means.  They  can  either 
enter  the  long  haul  facilities  directly,  as  dedicated  users,  or  they  can 
be  combined  with  other  subscribers  by  multiplex  equipment  into  groups  and 
then  added  into  the  long  haul  facilities,  or  concentrated  by  local  telephone 
exchanges.  A large  trunking  switch  provides  the  highest  degree  of  concentra- 
tion. This  can  be  accomplished  for  both  voice  circuits,  as  with  the  AUTOVON 
system,  or  with  digital  circuits  as  in  the  AUTODIN  system,  the  digital 
network,  where  store  and  forward  switches  are  used.  The  name  of  the  game 
then  is  to  utilize  the  available  resources  in  the  most  efficient  way.  This 
is  accomplished  by  taking  advantage  of  the  statistics  that  are  available  due 
to  the  fact  that  subscribers  do  not  normally  desire  an  end-to-end  connec- 
tivity to  the  same  destination  all  the  time.  Therefore,  it  is  possible  to 
share  these  resources  among  the  different  subscribers,  and  reduce  the  cost 
to  each  individual  subscriber  with  the  penalty  that  he  may  find  the 
transmission  facility  busy  at  certain  times. 

DCS  Today 

There  are  principally  two  ways  of  combining  subscribers.  It  is 
accomplished  either  by  a multiplex,  which  does  it  on  a fixed  basis,  or  on 
a call-by-call  basis  by  a switch.  Therefore,  the  way  the  economies  are 
obtained  is  determined  by  the  multiplexing  and  switching  structure  that  is 
used  in  the  system.  Figui'e  4 doesn't  indicate  whether  the  switches  or  the 
multiplex  are  digital  or  analog,  but  currently  the  system  is  implemented 
with  analog  switches  and  analog  multiplex.  In  the  future  they  are  to  be 
replaced  with  digital  multiplex  and  digital  switches. 

Since  the  basic  4kHz  analog  voice  circuit  can  be  assigned  permanently, 
as  with  multiplex,  or  it  can  be  dynamically  switched  as  with  the  circuit 
switch,  and  those  circuits  are  called  either  dedicated  or  switched  depending 
upon  which  category  they  fall  into.  In  the  DCS  today  essentially  45  percent 
of  the  traffic  is  dedicated  and  55  percent  is  switched. 

Figure  5 shows  a typical  system  structure  within  the  current  DCS  net- 
work where  the  FDM  multiplex  equipment  forms  groups  and  super  groups  and  is 
then  sent  on  out  over  the  transmission  media.  Circuit  switches  essentially 
switch  a trunk  voice  channel  between  different  subscribers.  Store  and 
forward  switches  take  digital  inputs  and  store  them  until  a channel 
becomes  available  to  the  next  point  in  the  trip  to  the  end  user. 

The  basic  4kHz  voice  circuit  can  be  used  in  many  ways  and  has  been 
taken  advantage  of  by  different  techniques.  It  can  be  used  for  voice,  or 
teletype,  or  data  up  to  9.6Kbs  which  has  many  applications  including  tying 
computers  together  or  remote  terminals  for  computers.  The  standard  voice 
channel  can  also  carry  several  teletype  channels  that  have  been  multiplexed 
or  it  could  be  used  for  facsimile  or  telemetry. 
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Transition  to  ^i^i;^  DCS 

If  analog  circuits  are  so  good  and  so  flexible  why  then  should  we 
want  to  change  to  digital  circuits?  A few  of  the  most  important  reasons 
why  we  chose  to  upgrade  or  change  the  DCS  to  a digital  system  are  discussed 
in  the  following  paragraph.  First,  a major  military  consideration  is 
security,  and  we  have  been  examining  ways  to  make  the  DCS  more  secure  so 
the  enemy  is  unlikely  to  gain  any  advantage  by  listening  to  our  transmission. 
Also,  the  DCS  would  be  a more  flexible  system  if  it  could  respond  automati- 
cally and  electronical ly  as  a result  of  different  stimulus  that  might  be 
imposed  on  the  system.  We  are  also  faced  by  an  increasing  load  of  digital 
traffic  as  computers  are  utilized  more  throughout  the  military  agencies. 

Also,  some  of  our  equipment  has  become  quite  old  and  requires  a significant 
expenditure  to  operate  and  maintain  it,  therefore,  the  new  technology  will 
allow  us  to  reduce  manpower.  A major  consideration  is  the  real  need  to 
interoperate  with  the  tactical  digital  networks  deployed  for  combat  forces. 
Interface  problems  will  be  drastically  reduced  if  we  maintain  the  same  type 
of  service  and  same  system  characteristics  as  we  transition  from  one  system 
to  another. 

The  way  to  implement  a new  digital  system  is  an  evolutionary  process, 
it  is  impractical  to  throw  away  everything  that  exists  in  the  DCS  today 
and  start  over  with  a new  big  digital  system.  Therefore,  the  strategy  is 
to  convert  a segment  of  the  system  to  digital  and  then  go  on  to  the  rest  of 
it.  It  makes  sense  then  to  start  with  the  new  upgrades  that  will  be  going 
into  the  transmission  element  of  the  system,  when  they  are  converted  to 
digital  it  is  relatively  easy  to  install  digital  switches  and  to  field  a 
completely  digital  system  in  the  future.  Accepting  the  fact  that  there  are 
going  to  be  both  analog  and  digital  segments  of  the  system  co-existing  at 
the  same  time,  what  would  be  the  best  analog  to  digital  conversion 
technique?  Having  both  types  of  facilities  in  the  system  strongly 
influences  your  decision.  The  factors  that  were  considered  to  determine 
how  to  transition  from  an  analog  system  to  a digital  system  are  as  follows. 
Because  many  DCS  circuits  span  thousands  of  miles  and  some  extend  ten 
thousand  miles,  it  was  necessary  to  make  sure  the  long  haul  performance 
was  maintained.  It  was  also  important  to  accommodate  quasi-analog  signals 
so  they  could  traverse  over  the  system  without  deterioration  (e.g.,  9.6  kbs 
modems).  The  availability  of  established  technology  was  investigated  to 
make  sure  the  desired  capability  would  be  available  in  the  proper  timeframe. 
We  also  had  to  factor  in  the  impact  of  squeezing  the  digital  transmissions 
within  the  same  bandwidths  that  the  analog  transmission  had  utilized.  We 
also  had  to  maintain  a high  degree  transition  flexibility. 

These  factors  drove  us  to  utilize  the  highest  quality  A-to-D  conver- 
sion technique  that  could  be  effectively  procured  in  the  1976  timeframe. 

This  resulted  in  the  selection  of  an  8 bit  PCM  type  of  A-to-D  conversion 
for  the  transmission  facilities.  This  has  permitted  the  flexibility  of 
performing  the  transmission  upgrades  one  segment  at  a time  since  it  is 
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possible  to  transfonii  from  analog  to  digital  and  back  to  analog  and  back 
to  digital  again  without  suffering  significant  degradation  in  the  signals. 

Figure  6 shows  the  wide  range  of  signal  inputs  that  could  be  expected 
to  enter  the  PCM  channel  bank.  The  requirement  is  for  an  A-to-D  conversion 
technique  that  can  convert  these  signals  to  digital  format  and  then  back  to 
the  original  analog  format,  at  the  distant  end,  with  high  fidelity.  Other 
data  streams  may  have  been  derived  from. digi tal  telephones,  computers,  or 
even  a packet  type  of  terminal.  They  would  be  combined  by  a time  division 
multiplex  before  going  out  to  various  means  of  transmission  media. 

An  example  of  a more  complex  multiplex  structure  is  shown  in  Figure  7. 
An  analog  signal  passed  through  the  PCM  conversion  process  to  become  a 
digital  stream.  This  output  would  then  be  added  to  several  other  converted 
FDM  outputs  so  that  this  PCM  box  also  performs  the  function  of  a multiplex. 
It  A-to-D  converts  signals  and  develops  a composite  digital  stream  by 
placing  the  different  subscribers  in  the  time  domain  so  that  they  can  be 
properly  extracted  at  the  other  end.  To  do  this  requires  the  PCM  box  to 
establish  timing  and  framing.  That  output  then  is  combined  with  other 
users  of  the  TDM  multiplex,  again  with  the  proper  framing  and  structuring 
of  the  signals.  Now  it  is  possible  to  encrypt  the  digital  stream  and  make 
it  secure. 

Once  the  capability  to  combine  different  types  of  digital  streams  has 
been  established  a philosophy  on  how  to  combine  them  is  required.  Questions 
to  be  resolved  are:  how  many  channels  should  be  in  each  group,  how  often 
should  you  break  out  the  groups,  where  should  you  use  switches,  and  where 
you  should  use  multiplex.  So  a multiplex  hierarchy  is  developed  with  these 
parameters  taken  into  consideration. 

It  is  necessary  to  look  at  the  location  of  the  subscribers  and  the 
resulting  capacity  that  is  expected  to  be  required  between  different 
locations.  The  A-to-D  conversion  technique  determines  the  basic  bandwidths 
involved  and  the  transmission  costs,  but  the  number  of  channels  is  impacted 
by  the  tradeoff  of  switching  versus  allowing  subscribers  to  be  dedicated 
users.  It  is  also  necessary  to  examine  the  mix  between  digital  traffic 
and  analog  traffic,  and  how  much  flexibility  is  required  for  adding  new 
communities  of  users  and  adding  other  locations  that  might  need  service. 

I he  need  to  restore  circuits  and  utilize  alternate  routes  also  impacts  the 
multiplex  structure. 

Another  significant  issue  is  the  number  of  and  types  of  systems  that 
are  required  to  interface  with  the  DCS  and  the  importance  of  actually 
passing  through  that  interface  without  decrypting,  breaking  down  signaling 
structures.  After  looking  at  these  factors,  as  they  apply  to  the  DCS,  it 
was  determined  that  a flexible  hierarchy  that  allowed  the  DCS  to  interface 
with  a wide  range  inputs  and  still  be  able  to  change  configurations  rapidly 
and  reassign  system  capability  to  contingencies  and  new  subscribers  was 
needed . 
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Figure  8 shows  the  resulting  DCS  multiplex  hierarchy  starting  at  the 
sub-multiplex  level,  through  a primary  multiplex  level  and  on  up  to  a 
second  level  of  multiplex.  The  resulting  signal  is  provided  to  the  modems 
and  radios  which  adapt  it  to  the  transmission  media.  The  sub-multiplex 
level  combines  teletypes  or  inputs  from  computers  or  facsimile.  These 
are  data  streams  which  were  less  than  lOKbs.  The  primary  multiplex  level 
accepts  data  rates  of  56Kbs  or  above  or  it  could  take  groups  of  FDM  sub- 
scribers and  convert  them  into  digital  data  streams.  Typically  the  out- 
puts of  the  primary  multiplex  level  of  hierarchy  would  be  a T1  type 
carrier  which  is  in  the  one  and  a half  megabit  region.  The  second  level 
multiplex  combines  the  T1  carriers  into  higher  data  rate  streams,  in  the 
neighborhood  of  10  megabits.  These  digital  output  streams  are  used  to 
drive  modems  which  are  the  devices  that  modulate  the  carriers  of  the 
transmi tters. 

Communications  satellites  fit  into  this  transition  philosophy  very 
well  since  they  allow  connection  between  upgraded  digital  communities  and 
other  compatible  communities  wherever  they  might  exist  throughout  the 
world.  Thus,  allowing  the  possibility  to  jump  over  or  leapfrog  geographical 
regions  that  are  still  analog.  This  is  essentially  tying  together  islands 
of  digital  service  to  form  a digital  system.  And  it  also,  of  course,  allows 
the  flexibility  to  tie  together  networks  of  special  users.  For  instance,  a 
secure  voice  network  or  a computer  network,  could  actually  overlay  the  rest 
of  the  system  and  these  subscribers  treated  as  a special  class  of  user. 
Satellites  also  permit  the  system  to  be  reconfigured  very  rapidly  so  that 
resources  can  be  reassigned  to  any  position  in  the  world. 

Figure  9 shows  a typical  case  where  islands  of  digital  service  have 
been  established  in  Korea,  in  Alaska,  and  at  different  locations  in  Europe. 
Rather  than  pass  through  A-to-D  conversions  to  connect  these  islands  by 
submarine  cable  to  the  United  States  it  is  very  feasible  to  tie  those  islands 
directly  to  the  United  States  utilizing  satellites,  and  this  application 
of  satellites  is  shown  in  Figure  10.  The  DSCS,  the  Defense  Satellite 
Communications  System,  provides  global  coverage  and  connects  different 
communities  of  users  directly  back  to  the  United  States.  By  1982  digital 
facilities  in  Europe  are  expected  to  extend  from  England  down  through 
Italy  and  to  isolated  digital  islands  in  Greece  and  in  Turkey.  As  shown 
in  Figure  11  the  satellite  terminals  provide  connectivity  into  Greece  and 
into  Turkey  even  though  they  are  not  connected  by  terrestrial  means.  Also 
the  satellite  terminals  provide  the  possibility  to  have  local  digital  service 
in  Spain  and  still  be  tied  into  the  digital  network  even  though  there  are 
no  terrestrial  digital  transmission  facilities  that  tie  it  directly  to 
England  or  Germany.  And,  of  course,  the  satellites  provide  an  additional 
degree  of  survivability  allowing  the  terrestrial  backbone  to  be  severed  at 
any  point  and  still  be  feasible  to  communicate  with  any  portion  o'!"  the 
system.  Therefore,  for  survivability,  transitional,  and  flexibility 
reasons  it  is  important  to  have  a satellite  capability  to  augment  our 
terrestrial  facilities. 
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The  Second  Generation  DCS 


The  second  generation  DCS  then  will  have  a very  large  digital  element 
and  the  programs  that  will  form  the  basis  the  second  generation  DCS  will 
follow  in  the  order  shown  on  Figure  12.  The  first  step  is  to  perform  the 
digital  transmission  upgrades,  which  would  essentially  convert  the  back- 
bone of  the  DCS  to  digital.  It  would  allow  the  DCS  to  accept  both  analog 
voice  and  digital  inputs.  When  that  is  completed  it  would  be  possible  to 
install  secure  voice  switches,  which  would  allow  an  automatic  secure  voice 
network,  which  is  called  AUTOSEVOCOM  II.  In  addition  to  that  the  digital 
network  for  data,  AUTODIN  II,  would  be  implemented.  To  help  supplement 
those  networks  and  to  provide  flexibility  the  DSCS  Phase  III,  the  third 
generation  spacecraft,  would  be  introduced.  This  capability  will  establish 
wideband  digital  service  throughout  the  world.  The  next  evolutionary  step 
in  this  process  would  be  the  ability  to  integrate  AUTODIN  II  and  AUTODIN  I 
to  permit  the  combination  of  all  digital  traffic  into  one  switching  network 
called  Integrated  AUTODIN  System  (IAS).  These  programs  and  the  timeframe 
they  would  occur  are  shown  on  Figure  12.  Figure  12  indicates  that  by  the 
1983  timeframe  it  would  be  possible  to  have  an  operational  second  genera- 
tion DCS. 


Future  DCS 


The  DCS  doesn't  stop  there,  we  are  also  talking  about  a third  genera- 
tion DCS.  In  this  case  we  are  looking  further  into  the  future  where  the 
DCS  would  be  providing  service  in  the  1995  to  2000  timeframe.  On  the  left 
of  Figure  13  are  the  different  services  the  DCS  would  provide  and  they  go 
from  teletype  to  wideband  service.  To  satisfy  those  services  today  the 
DCS  employs  the  AUTOVON  analog  system,  a secure  voice  network  and  the 
AUTODIN  digital  network.  The  composition  of  the  second  generation  DCS,  of 
the  1985  era,  was  discussed  previously  and  is  shown  between  the  years  of 
1985  and  1995,  it  is,  of  course,  a highly  digitized  system.  In  the  1995 
timeframe  we  see  the  third  generation  DCS  and  its  principal  features. 

First  a distributed  communications  network,  that  has  very  little  dependence 
upon  the  backbone,  where  the  transmission  facilities  and  switches  are 
essentially  distributed  so  that  it  is  more  survivable  and  less 
susceptible  to  single  point  failures.  The  other  principal  characteristic 
would  be  an  integrated  signaling  structure.  This  is  important  to  overcome 
the  interoperability  problems  associated  with  interfacing  with  many 
different  systems.  This  allows  the  DCS  to  essentially  accept  any  signaling 
format  or  any  signaling  structure  and  retransmit  it.  It  also  means  that  the 
same  resources  can  be  used  for  different  kinds  of  services,  that  is  voice 
and  data  would  be  using  the  same  transmission  and  switching  facilities, 
therefore,  the  system  would  be  very  efficient. 

Example  of  DCS  System  Engineering  (AUTOSEVOCOM  II) 

One  of  the  networks  that  will  be  part  of  the  second  generation  DCS  is 
of  particular  interest  to  us  these  days.  That  is  the  AUTOSEVOCOM  II  which 
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is  the  worldwide  secure  voice  network  we  expect  to  have  in  the  1985  to 
1995  timeframe.  Figure  14  shows  a typical  network  configuration  for 
AUTOSEVOCOM  II  as  it  would  be  configured  in  the  1985  timeframe.  The  world 
is  broken  up  into  three  regions--the  CONUS  or  the  US  region,  shown  on  the 
left;  the  overseas  region,  shown  on  the  right;  and  a pie  shaped  section, 
shown  in  the  top  center  which  would  indicate  operational  ships  and  aircraft, 
those  subscribers  who  are  generally  considered  to  be  in  mobile  platforms  and 
have  difficulty  tying  into  fixed  facilities.  On  the  far  right  is  a digital 
switch  which  is  the  TTC-39  or  the  TRI-TAC  switch  which  is  configured  in 
this  case  to  support  the  tactical  users.  It  interfaces  directly  with  the 
switch  shown  in  the  middle,  which  is  a TCC-39  switch  which  is  configured  to 
support  the  DCS  as  opposed  to  a tactical  set  of  users.  On  the  far  left  is 
a switch  that  would  be  located  in  the  United  States  and  it  is  a modified 
ESS  No.  1 switch  and  it  is  designed  to  emulate  a TCC-39  switch.  Therefore, 
these  three  different  categories  of  switches  with  different  problems 
involved  in  each.  The  AKDC  is  an  automatic  key  distribution  center  and  in 
case  of  the  TTC-39  it  is  an  integral  part  of  the  switch  and  in  the  case  of 
ESS-1  it  is  an  additional  appendage.  The  AKDC  is  the  system  element  that 
distributes  the  key  automatically  and  electronically  to  the  different 
subscribers  so  that  the  voice  communications  can  be  secure  on  a call-by- 
call  basis.  CB  stands  for  conference  bridge.  Conference  bridges  should 
operate  in  the  black  or  secure,  the  switches  have  analog  subscribers  and 
digital  subscribers.  There  are  very  significant  problems  in  developing  a 
switch  that  adds  many  subscribers  together  and  still  does  it  in  a secure 
mode.  One  of  the  more  difficult  problems  is  to  tie  together  in  the  same 
conference,  subscribers  who  are  accessing  over  narrowband  facilities  and 
those  who  are  entering  over  the  wideband  facilities.  The  quality  that  is 
normally  afforded  to  a HF  channel  is  quite  poor  and  when  it  is  added  to 
the  other  subscribers  who  are  of  higher  quality  it  can  degrade  the  quality 
of  the  conference.  Therefore,  special  techniques  are  required  to  combine 
these  classes  of  users  together.  The  ability  to  tandem  wideband  channels 
and  a narrowband  channel  without  degradation,  is  also  a real  challenge. 

To  include  these  different  classes  of  subscribers  in  the  same  system  and 
have  them  all  be  able  to  play  together  and  function  properly  is  a real 
significant  system  design  problem.  The  different  end  instruments  and 
different  interfaces  are  shown  in  Figure  14. 

Conclusions 


From  the  previous  discussion  it  should  be  obvious  that  designing  a 
worldwide  communication  system  is  a very  complex  problem  and  requires  a 
great  deal  of  knowledge  of  the  components  that  make  up  the  system.  As 
you  develop  the  system  design  it  is  necessary  to  perform  tradeoff  analyses 
between  the  cost  and  the  optimum  performance  that  is  desired  of  the  system, 
always  looking  for  the  best  way  to  accomplish  a particular  function  with- 
out increasing  the  cost  beyond  allowable  limits.  An  important  part  of 
this,  for  a military  system,  is  the  ability  to  establish  the  proper  net- 
work design  that  provides  a highly  survivable  system  but  within  the 
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the  econonvic  constraints.  The  good  design  is  robust  and  allows  the  system 
to  be  severed  at  many  points  and  still  communicate  satisfactorily.  Other 
design  criteria  must  be  established  by  examining  the  missions  the  DCS  must 
support  and  the  specific  user  requirements.  That  is,  in  order  to  design 
the  system  it  is  essential  to  know  what  the  users  of  the  system  really  want 
and  what  they  are  willing  to  pay  for  a particular  capability.  Doing  this 
requires  developing  different  alternatives  that  possess  a range  of 
capabilities  to  tradeoff  the  different  features,  for  instance,  survivability 
versus  flexibility  or  security  versus  flexibility,  these  features  have  to 
be  examined  and  analyzed  to  assure  the  proper  mix  of  each.  Once  the 
capabilities  are  designed  into  the  system,  it  is  essential  to  make  sure  the 
system  is  configured  and  utilized  properly  to  take  advantage  of  all  the 
inherent  capability.  Therefore,  system  engineering  for  the  DCS  is  a many 
faceted  discipline  that  translates  user  needs  into  system  alternatives  and 
presents  the  performance  of  these  alternatives,  with  related  costs,  in  terms 
that  can  be  understood  by  the  decision  makers.  The  capabilities,  selected 
by  the  decision  makers,  are  developed  in  sufficient  detail  to  permit  the 
implementing  agencies  to  field  a responsive  subsystem  that  fits  into  the 
overall  structure  of  the  DCS.  The  system  engineer  also  supports  the 
operating  system  to  insure  proper  system  utilization,  and  identification 
of  system  deficiencies. 
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As  Associate  for  Engineering  Planning  at  the  Defense  Communications 
Agency  (DCA)  Defense  Communications  Engineering  Center  (DCEC)  Mr.  LaVean  is 
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Abstract 

A new,  modem,  costeffectlve  multi-mode  telecommunications  systerri  for 
military  posts  and  bases  is  being  discussed.  The  system  is  tailored  from 
existing  and  emerging  conmercial  product  lines.  It  is  expected  to  provide 
a quantum  jump  in  features  and  functions,  require  less  space,  personnel,  and 
consumables,  Including  power,  provide  savings  in  transmission  capacity  (band- 
width and  bit  rate) , and  cost  less  to  own  or  lease  than  the  existing  systems 
with  all  their  shortcomings. 


Introduction 

The  Department  of  Defense  throwdi  the  Defense  Canmunicatlons  Agency  is 
formulating  a new,  modem  defense  communications  system.  Ihe  military  depart- 
ments and  the  National  Security  Agency  are  supporting  DCA  in  that  task.  Ihe 
Army  has  been  assLned  the  responsibility  to  develop  the  access  area  digital 
switching  systerri  (AADSS)  as  a single  telecommunications  system  in  a geographic 
area  that  can  serve  all  DOD  subscribers  in  that  area. 

AADSS  will  provide  the  telecanriunlcations  interface  between  subscriber 
Input/output  devices  within  an  access  .area,  from  one  access  area  to  adjacent 
access  areas,  to  the  Dt!S  backbone  system,  and  to  other  governmental,  allied, 
and  conmercial  networks  for  interface  with  distant  subscriber  irput/output 
devices.  It  will  be  a multi-mode  system  that  can  simultaneously  and  in  con- 
binatlon  handle  all  expected  I/O  rrodes,  including  clear  and  secure  voice, 
teletype,  data,  facsimile,  slow  scan  television,  and  television. 

A single  system  that  can  serve  the  conrand  and  control  community,  the 
Intelligence  cormunity,  the  logisticians,  and  a host  of  other  more  and  less 
demanding  user  groups  is  expected  to  result  in  considerable  savings  from 
sharing  costly  switching  and  transmission  facilities.  It  is  also  expected 
to  provide  a quantum  jimp  in  service  features  and  functions  and  at  the  same 
time  be  easier  to  maintain  and  to  operate.  The  capability  and  cost  trends 
in  electronics  clearD.y  show  that  modem  electronic  equipment  and  systems  can 
be  more  costeffectlve  than  their  electromechanical  predecessors.  The  micro- 
processor and  electronic  calculator  fields  are  examples  of  that  trend. 
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'Ihe  new  tel ecanuunlcat Ions  systems  cost  less  to  acquire,  are  more  flexible 
to  meet  and  emer>'ln*^'  new  requirements,  and  need  less  power,  less 

space,  less  personnel,  and  less  logistics  support. 


Itie  AADSS  development  Is  now  entering  the  concept  definition  and  valida- 
tion phase.  Systems  alternatives  have  yet  to  be  Identified  and  tradeoff 
analyses  performed  to  arrive  at  the  best  possible  technical  approach  and  a 
costeffectlve  system.  Using  some  known  requirements  and  filling  many  g^ps 
with  personal  conjecture,  a system  Is  postulated  that  can  be  engineered  from 
existing  and  evolving  commercial  telecommunications  equipment  and  could  be 
operational  In  the  early  1930 's. 

ACCESS  AREA  DEF'INITION 

An  access  area  can  generally  be  described  as  a geographic  area  compris- 
ing one  or  more  post,  canp,  station  or  base  entitles  and  smaller  subscriber 
groupings  or  clusters  within  or  adjacent  to  the  pxjst,  camp,  station,  or  base. 

Ln  consonance  v;lth  DOD  policy  for  Joint  telecommunications  service,  one  access 
area  system  will  serve  all  DOD  subscribers  In  that  geographic  area.  Here  In 
New  Jersey,  Port  Monmouth  might  be  considered  an  access  area  that  serves  the 
Fort  Monmouth  organizations,  the  Earle  Naval  Ammunition  Depot,  the  Bayonne 
Military  Port  Facilities,  the  Lakehurst  Naval  Station,  and  a host  of  additional 
small  user  groups  In  this  area.  Port  Dlx  and  the  McGuire  Air  Force  Base  could 
be  part  of  this  access  area,  or  could  be  an  adjacent  access  ar-ea  with  direct 
Interarea  trunking.  Figure  1 shows  the  geography.  A satellite  temiinal  could 
provide  trunking  to  other  access  areas  and  to  the  DCS  backbone  system.  I'er'- 
restial  trunking  to  om  or  more  DCS  backbone  switches  such  as  the  Cedar  Brook 
and  Netcong  AUTOVCN  switches  or  their  successor  switches  would  r^rovide  multiple 
honing  to  the  backbone  system  to  ensure  a survivable  network. 

SYSTEMS  REQUIREMENTS 

The  military  telecommunications  systems  are  In  an  lirpDrtant  transition 
from  separate  special  purpose  systems  to  an  IntefTated  common  user  tele- 
coninunlcations  system.  The  main  objectives  are  riodern  service  features  and 
functions;  improved  flexibility,  end-to-end  Interoperability,  reliability, 
survivability,  and  security;  slnplicity  of  operation;  and  lower  overall  cost. 

DCA  is  now  postualtlng  a transactional  systems/ sub systems  approach,  rather' 
tlian  a transparent  approach  in  structuring  the  new  DCS  (1).  This  means  thrrt 
subsystans  are  optimized  for  their  own  requirements  and  different  subsysr.efir 


equipnent  and  system  complexity  and  provide  cost  savings  versus  a transparent 
desipyi  where  the  whole  subsystem  has  to  be  burdened  with  the  complexities 
of  interfacinfr  subsystems. 

AADSS  must  be  able  to  j.nterface  with  the  present  DCS  and  the  Phase  II  EXIS 
in  the  early  1980 's,  and  transition  to  the  Future  DCS  of  the  1990  to  2000  tirrie 
frame.  Ihe  telecommunications  requirements  for  the  1980  time  frame  can  be 
projected  with  reasonable  confidence,  but  not  with  complete  certainty.  'One 
case  of  uncertainty  is  the  digital  voice  rate  which  is  now  stated  at  16  kbps, 
but  is  hoped  to  drop  to  8,  ^ or  even  2 kbps  using  predictive  coding.  For  1990 
and  2000  the  requirements  are  considered  speculative  and  will  be  greatly  in- 
fluenced by  yet  undeveloped  technologies  and  unpredictable  strategic  situations. 

In  view  of  the  expected  evolution  during  the  AADSS  operating  life  a flex- 
ible addressing,  routing,  signaling,  priority,  preemption,  and  scheduling  method 
must  be  enployed  to  effectively  use  and  share  the  facilities  among  the  command 
and  control  community,  the  intelligence  community,  the  logistics  community,  and 
other  user  groups.  Shared  use  of  the  costly  switching  and  transmission  facil- 
ities will  result  in  overall  savings  and  will  make  them  less  susceptible  to 
traffic  peaking  tltin  several  separate  systems  would  be.  3^ared  use  Includes 
radio  and  television  broadcasting  and  cable  television  service.  These  media 
can  provide  new  dimensions  of  service  not  normally  considered  now  in  the  com- 
mercial area  due  to  exclusive  regulations  and  tariffs.  In  the  DOD  system  these 
broadband  facilities  may  be  capable  of  providing  most  or  all  transmission  re- 
quirements in  some  cases  and  in  other  cases  may  augment  the  transmission  facil- 
ities during  off-hours  and  during  mobilization  and  other  emergency  situations. 

The  new  DCS  is  projected  to  serve  1 million  subscriber  instruments  world- 
wide in  approximately  1500  access  areas  of  varying  size.  The  smallest  areas 
will  range  from  50  to  300  subscriber  Instruments;  medium  areas  from  300  to  2000; 
and  large  areas  from  2000  to  10000.  Exceptions  of  course  are  a few  of  the 
larger  posts  and  bases,  including  the  Pentagon  which  can  be  partitioned  or 
otherwise  specially  treated. 


TRAFFIC  REQUIREMENTS 

Ilie  I/O  device  traffic  can  be  categorized  into  five  main  modes  and,  without 
looking  at  detailed  traffic  statistics,  their  overall  impact  on  the  systems 
design  can  be  projected.  Table  1 lists  the  modes  and  associated  channel  rates 
or  bandwidth. 


MODE 

CMNNEI.  j 

Rate  / i-iandwidth 
(BPS  / Hz) 

VOICE 

16  k 

2,  4,  or  8 k projected 

TELEfTYPE 

45.5  to  9 -6k 
to  16k  buffered 

DATA 

Interactive 
and  Batch 

to  16k  standard  rate 
to  1.3'4  hlgs  rate 

1 

! FACSIMILE  AInID 

I SLOW  SCAN  TV 

to  16k  standard  rate 
to  1.5'i  high  rate 

j TELEVISION 

1 

to  30M  / 6M 

Table  1 INPUT  / OUTPUT  DEVICE  MODES 


Voice  traffic  is  categorized  by  traffic  rates  of  16  kbps,  usin^^  contin- 
uously variable  slope  delta  modulation,  and  by  holding  times  of  the  order  of 
several  minutes.  Transmission  delays  of  ntore  than  one  quarter  of  a second 
become  disruptive  to  the  flow  of  a two-way  conversation  and  therefore  must 
be  avoided.  Call  set-up  times  of  a few  seconds  are  generally  acceptable.  Ihie 
dit^ital  traffic  volume  of  a single  voice  call  can  be  up  to  3 million  bits  in 
each  direction.  With  data  reduction,  by  deleting  silent  periods,  the  sln>tl-e 
voice  call  traffic  can  be  reduced  to  approximately  1 million  bits.  The  access 
network  must  be  designed  to  handle  approximately  one  simultaneous  call  for 
every  ten  voice  subscribers.  A 10,000  subscriber  access  area  may  therefore 
require  a system  with  a 32  Mbps  simultaneous  throujithput  capacity  without  data 
reduction  (10,000  x lAO  x 16,000  x 2),  and  5 to  10  Mbps  simultaneous  through- 
put capacity  with  data  reduction.  Fliture  Implementation  of  8,  4 or  2 kbps  pre- 
dictive coding  will  reduce  the  traffic  volune  to  1/2,  1/4,  or  1/8  respectively. 


Teletype  traffic  is  categDrized  by  approximately  10,000  bits  per 
message  page.  Tlie  average  message  can  be  delayed  several  hours  in  the 
teleconmunl cat ions  system,  but  access  area  delays  of  not  more  than  a few 
minutes  are  required  for  priority  messages,  liiis  is  achievable  with  modem 
character  reader  or  other  electrical  character  origination  equipment  which 
avoids  retyping  each  message  at  the  communications  center.  The  total  simul- 
taneous access  area  teletype  traffic  volume  is  in  the  order  of  1 to  3 kbps, 
a negligible  amount  when  added  to  the  voice  traffic  of  several  Ilbps. 

Data  traffic  ccanprises  interactive  messages  and  batch  messages.  The 
interactive  messages  are  generally  less  than  one  thousand  bits  and  can  tolerate 
delays  of  several  seconds.  One  interactive  message  origination  of  1000  bits 
generally  results  in  an  interactive  reply  of  1000  bits.  The  total  simul- 
taneous Interactive  data  traffic  volume  in  an  access  area  is  in  the  order  of 
1 to  10  kbps.  The  batch  messages  are  generally  100,000  to  500,000  bits  in 
length,  but  can  tolerate  hours  of  delay.  The  total  simultaneous  batch  traffic 
volume  in  an  access  area  is  also  in  the  order  of  1 to  10  kbps.  Together,  the 
total  data  traffic  is  equivalent  to  the  capacity  of  one  digital  voice  circuit. 
Fliture  increases  in  data  traffic  can  be  acconmodated  by  the  system  capacity 
being  freed  as  the  voice  rates  decrease  to  8,  4 and  2 kbps. 

The  facsimile  traffic  is  categorized  by  approximately  10  million  to  100 
million  bits  per  message  without  data  reduction,  and  1 million  to  20  ndllion 
bits  with  data  reduction.  Delays  of  a f..w  minutes  are  tolerable.  Use  of 
facsimile  for  the  transmission  of  alphanumeric  messages  requires  a tradeoff 
of  transmission  capacity  versus  the  cost  and  time  of  retyping  the  information 
into  a message,  or  the  cost  of  an  alphanumeric  character  reader,  or  other 
electrical  character  origination  equipment,  since  the  facsimile  message  re- 
quires one  to  five  thousand  times  the  transmission  time  or  the  transmission 
capacity  of  a teletype  message.  Slow  scan  TV  requires  only  one  third  to  one 
tenth  of  the  transmission  capacity  of  a facsimile  message  for  transmittln;’:  a 
single  frame  due  to  the  lower  resolution  of  the  TV  frame.  The  total  sL-^iul- 
taneous  facsimile  and  slow  scan  TV  traffic  in  an  access  area  can  be  10  to  25 
percent  of  the  simultaneous  voice  traffic.  Future  Increases  can  also  be  ac- 
corrmodated  using  the  capacity  freed  due  to  the  decreasing  voice  rate. 

TV  traffic  requires  6 Me^hertz  per  channel  for  analog  TV  and  approximately 
30  Mef^abits  per  second  for  digital  TV.  For  a ten  channel  system  60  Mej’phertz 
capacity  is  required.  Cable  television  systems  are  readily  available  ccrmer- 
cially  and  pose  no  significant  problem  in  the  access  area  itself,  but  transmission 
between  access  areas  may  create  bandwidth  and  transmission  cost  problems, 
especially  if  a number  of  TV  channels  are  required. 
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Prom  the  above  traffic  categorization  it  can  be  seen  that  the  access 
area  system  when  desif^ied  for  voice  can  also  Imndle  the  teletyi:>e  and  data 
traffic  without  any  impact  on  the  system,  other  than  local  storur.e  for  de- 
layed delivery,  multiple  delivery,  and  transmission  rate  matching’:.  Facsirrdle 
and  slow  scan  IV  traffic  requires  that  the  voice  system  be  oversized  by  ai:>- 
proxinately  10  to  25  percent,  depending  on  the  expected  use  of  these  modes. 

TV  traffic  requires  such  a large  bandwidth  that  it  cannot  be  carrded  over  the 
voice  network.  By  contrast,  where  a TV  network  is  used,  all  of  t,he  other 
traffic,  Includini",  voice,  can  be  carried  over  the  TV  network  with  just  norrdnal 
modifications  to  the  TV  network  and  a 10  to  25  percent  Increase  in  network 
capacity.  This  means  that  the  AADSS  must  either  be  designed  as  an  expanded 
voice  network  where  no  IV  is  required  or  as  a modified  TV  network  where  all 
modes  of  traffic  are  required,  llie  technology  is  available  for  either  system 
and  {Xises  no  unusual  problems  in  the  access  area.  However,  transmission 
bandwidtli  requirements  between  access  areas  imy  create  frequency  assijTiment 
and  cost  problans,  especially  within  the  continental  United  States. 

SYSTEM  DESIGN 

Military  post  and  base  coimunicatlons  desl^qaers  have  always  relied  on 
commercial  and  commercial-adapted  systems  and  equipment  to  meet  their  teleccn- 
munications  requirements.  The  AADSS  must  continue  that  reliance  and  exploit 
the  perfonnance  ^qxiwth  potential  Inherent  in  the  evolvlniT  commercial  equipment, 
if  a costeffective  system  is  to  be  fielded.  Fbrtunately,  the  telecomnunications 
industry  has  already  started  the  development  and  fielding  of  a new  generation 
of  systems  and  equipment  that  can  be  readily  adapted  to  meet  the  AADSS  requirements. 
This  reliance  on  the  commercial  telecommunications  industry  product  lines  pays 
off  by  drastically  loweririg  the  material  acquisition  and  life  cycle  costs  and 
shortening  the  delivery  schedules.  It  has  the  further  advantage  that  no  mobil- 
ization and  contingency  stocks  need  to  be  established  by  the  Government,  since 
the  telecommunications  industry  can  be  tapped  for  stocks  during  critical  times. 

The  commercial  digital  systems  also  lend  themselves  readily  to  the  incorporation 
of  CCMSEC  equipment . Already  today  we  cari  have  a digital  electronic  exchange 
and  digital  subsets  delivered  in  tliree  months  that  cost  one  tenth  and  probably 
have  10  times  the  features  and  functions  for  access  area  switching  of  the 
ANATC-39-  Over  the  next  three  years  the  commercial  capabilities  are  expected 
to  at  least  double  as  the  latest  designs  on  the  drawing  boards  are  being  con- 
verted to  product  lines.  The  equipment  cost  is  expected  to  further  decrease 
as  more  "calculator"  technology  is  beinf’;  applied. 
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The  system  ftinctions  oaii  be  described  in  conventional  ter'ms  of  subscriber 
tenninal,  multiplexer/concentrator,  transmission,  and  exchange  (Figure  2), 
but  this  does  not  mean  that  each  function  is  a separate  equipment  entity. 

These  functions  are  Interrelated  and  are  grouped  or  distributed  to  achieve 
optimum  syston  perfonnance.  Multiplexing  and  caacentratlon  are  Inherent  switch 
functions  that  can  be  distributed  throu^out  the  area.  In  effect  the  ccnven- 
tlonal  line  finder  functions  of  the  electromechanical  switches  can  now  be  per- 
formed within  a subscriber  terminal  cluster  and  the  transmission  path  becomes 
a long  Junctor.  The  next  logical  progression  exploits  the  junctor  capacity 
(bit  rate)  to  the  fullest  by  assi®Ting  a given  subscriber  terminal  as  much 
currently  unused  capacity  as  that  terminal  can  operate  with.  This  adaptive 
multiplexing  trades  Instant  unused  capacity  for  shorter  holding  times  and 
thereby  provides  more  fliture  traffic  handling  capacity.  Adaptive  multiplex- 
ing also  makes  efficient  use  of  costly  transmission  facilities  by  eliminating 
the  transmission  of  idle  bit  streams,  especially  on  expensive  satellite  and 
undersea  cable  facilities  between  access  areas  and  the  DCS  backbone  system. 
Adaptive  multiplexing  is  predicated  on  a flexible  multimode  addressing  and 
out-of-band  signaling  and  supervislcn  scheme  that  allocates  the  needed  band- 
wldth/blt  rate  and  corrmunicatlons  security  for  the  specified  duration  at  the 
specified  time.  Out-of-band  signaling  and  sup>ervislon  alleviates  the  inad- 
vertent simulation  of  control  codes  by  the  I/O  generated  traffic,  with  or 
without  encryption,  and  therefore  offers  the  user  a virtually  transparent 
traffic  channel  without  code  restrict ioas . The  addition  of  common  channel 
signaling  on  multi-channel  groups  sinpllfies  the  conmon  control  interface  by 
deleting  duplicative  steps  of  signal  distribution  and  collection  between  the 
comnon  processor  and  a number  of  parallel  channels.  The  proposed  Federal  sig- 
naling system  No.  6 can  be  adapted  to  provide  the  Interface  between  access  areas 
and  with  commercial  and  allied  systems.  The  conmon  signaling  channel  can  be 
used  to  exchange  traffic  status  information  with  these  systems  and  between  ex- 
changes within  an  access  area  to  provide  certain  features  such  as  call  conpletion 
after  the  distant  I/O  device  becomes  available  (ring  again),  without  occupying 
transmission  capacity  while  waiting. 

Group  transmission  for  the  non- TV  modes  is  based  on  the  conmercial  T- 
carrier  system  which  provides  two  1.544  Mbps  group  channels  over  two  cable 
pairs  (one  channel  in  each  direction).  Several  group  channels  can  be  carried 
over  several  pairs  in  a single  cable.  Where  possible,  T-screened  cable  or 
two  separate  cables  are  used  to  reduce  interference  between  pairs  operating  in 
opposite  directions  and  thus  tolerate  longer  repeater  spacing.  For  new  cable 
Installations  coaxial  cable  will  be  used  that  can  handle  fToup  and  super-group 
channels  depending  on  the  specific  requirement.  The  T-4  cable  system  for 
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example  handles  274  Mbps  ovei*  each  coaxial  and  up  t-o  2.74  Jbps  in  two  4 Inch 
i^^axlal  cables  with  22  coaxials  each  (one  coaxial  in  eacn  direction  is  a 
sp.ire) . Where  IV  node  is  required,  a caiinercial  Interactive  cable  television 
system  will  be  adapted  to  provide  the  traiisridssion.  One  oi-  more  cable  tel»:^ 
vision  cliannels  are  reserved  for  tTXjup  and  super-fToup  T channels.  Ihe  re- 
maining:^ channels  ai*e  available  for  interactive  post/base  security,  video 
training,  commercial  and  military  cable  television,  and  all  the  other  emerglrif: 
video  requirements.  A thirt.y  channel  Interactive  cable  television  system  is 
currently  being  test-nnrketed  in  Columbus,  Ohio  by  Warner  Cable  Corp  (2). 

A fiber  optic  distribution  system  is  being  tested  in  Chicaga,  Illinois  by 
AT&T  (3)  and  can  also  be  considered  in  the  future  if  the  tests  are  successful. 
Depending  on  tie  layout  of  the  existing  cable  plant,  the  area  geotTapiiy,  and 
the  clustering:;  of  the  subscriber  temlrals,  either  a ring  or  a star  distribu- 
tion system  will  be  used.  Figures  3 and  4 show  star  and  rlnj’;  confifurations 
for  the  main  post  area  of  Fort  Monmouth.  Fif^'o  5 shows  the  distribution  of 
various  tyiJes  of  subscriber  clusters  for  the  same  area  and  Table  2 identifies 
the  associated  densities. 


DENSITY  CLASS 

SUBSCRIfciERS 
per  square  km 

SUBSCRIBERS 
per  cluster 

OFFICE  CaiPLEX 

10,000 

10 

OFFICE  AREA 

5,000 

6 

SERVICE  AREA 

2,000 

4 

HIGH  RESIDEimAL 

500 

LOW  RESIDENTI.AL 

200 

2 

SURBURBAIi 

100 

2 

RURAL 

50 

2 



Table  2 SUl^CRIBER  DHJSITIES 


Drop  channels  from  the  intraarea  access  hub  points  to  the  individual  sub- 
scriber terminals  will  be  tailored  to  the  specific  requlronents  of  the  ter- 
minals involved.  In  an  office  complex  the  drop  channels  terminate  on  a 
remote  switching  cabinet  which  in  turn  provides  modem  digital  telephone, 
teletype,  data,  facsimile  and  slow  scan  television  services,  office  Inter- 
corrmunications,  word  processing  center  access,  and  similar  services.  In 
housing,  barracks,  and  training  areas  the  drop  channels  provide  interactive 
cable  television  which  provides  specific  groups  of  channels  for  these  user 
groups  and  includes  telephone,  security  and  fire  monitoring,  and  similar 
services. 

Intraarea  trunking  interconnects  the  outlying?  sections  of  the  Port 
Monmouth  access  area  as  shown  in  Figure  6.  Ptoblle  radio  access  is  provided 
from  a few  net  radio  access  equipments  that  provide  coverage  for  the  whole 
area.  The  trunks  to  the  DCS  backbone  switch  at  Cedar  Brook  and  Netcong  will 
be  one  leased  T channel  each.  Pour  additional  T channels  will  provide  local 
commercial  access.  Commercial  toll  access  will  be  handled  via  the  DCS  back- 
bone system  as  close  as  possible  to  the  local  call  area  of  the  called  sub- 
scriber. Commercial  cable  television  to  the  video  headend  is  leased  from  a 
conmerclal  cable  television  company.  A satellite  terminal  provides  scheduled 
T channel  and  television  access  to  other  access  areas  and  the  DCS  backbone 
system. 

Comnunlcatlons  security  is  provided  for  one  percent  of  the  subscriber 
terminals  and  is  a flinctlon  of  the  I/O  device,  rather  than  the  AADSS.  Key 
variables  are  updated  from  the  DCS  backbone  system.  Called  address  and  sig- 
naling information  is  protected  by  first  establishing  a call  to  a DCS  distri- 
bution center  followed  by  encrypted  readdressal . Link  encryption  can  be  pro- 
vided on  the  T channels  to  the  DCS  backbone  switches.  System  control  is  per- 
formed from  the  DCS  backbone  system.  Scheduled  and  event  oriented  status 
information  is  provided  to  the  backbone  system.  Operation  and  maintenance 
control  is  retained  locally.  Automatic  message  accounting"  is  used  to  supers 
vise  authorized  use  and  to  apportion  system  and  traffic  charges. 

ACCOMPLISHMENTS 

Comprehensive  analysis  of  the  commercial  telecommunications  capabilities 
and  trends  has  shown  that  the  system  described  above  can  be  fielded  in  I98O. 
The  main  difficulty  is  the  judicious  selection  of  the  most  effective  features 
and  services  that  are  required  in  a specific  access  area  and  which  the  users 


are  willing  and  able  to  pa;y  for.  The  adaptability  of  nodern  switching’  equl;>- 
iTient  has  been  tested  with  an  advanced  digital  electronic  private  automatic 
branch  exchariiie,  the  Northom  Telecom  SL-1  (^).  This  systari  converts  all 
line  and  trunk  traffic  individually  to  64  kbps  PCM  and  uses  a digital  bus 
transfer  technique  to  switch  the  lines  and  trunks  (Figure  7).  The  bus  (equiv- 
alent to  the  long  junctor  mentioned  in  System  Design  above)  can  be  extendi 
over  T channels  to  remote  subscriber  clusters.  This  relegates  l;he  terminal 
lines  to  short  local  drop  channels,  'fhe  SL-1  system  uses  out-of-band  2400 
bps  signaling  and  supervision  to  the  SL-1  subscriber  instrument  which  has  10 
(expandable  in  increments  of  10  to  a total  of  50)  prottrammable  keys  (calcu- 
lator technology)  which  can  be  assigned  22  different  functions  from  the  sys- 
tem control  keyboard.  Ihiese  functions  Include  multiline,  conference,  call 
transfer,  call  forwar*d,  executive  override,  preset  dialing,  and  rin^'  a^aln. 
Table  3 is  a typical  assignment  sheet  for  a small  office  or  team  arrang.ement . 
The  users  themselves  can  program  and  reprogram  called  numbers  on  keys  asslfTied 
the  preset  dialing  features  named  auto  dial  and  speed  call.  The  first  has  a 
single  called  nuntoer,  the  latter  has  lists  of  up  to  10  and  up  to  50  called 
numbers.  A typical  10  address  speed  call  list  is  shown  in  Ihble  4. 


Mr.  K 

Mrs.  L 

DCEC 

DCA 

IjCEC 

Office  P 

Office  S 

Ft . Huach 

USACC 

USACEEIA 

- — 

COL  R 

Mr.  H 

Office  DE 

EAMA 

DAPD 

DRCIE 

Ms.  D 
EOOM 

Table  4 


TH^l  ADDRESS  SPEED  CALL  LIST 


SUBSET  FEATURE 

ASSTGNNeTTS 

TYPE  INSTRUMENT 

SL  -1,  500,  2500 

KEY  IJIMP  STRIP 

1 to  5 

HUWT  NUMBER 

Directory  Nunber 

LAST  HUOT  KEY 

1 to  8 

TRUNK  GROUP  ACCESS  RESTRICTION 

1 to  16 

RING  NUMBER  PICKUP  GROUP 

1 to  128 

CLASS  OF  SERVICE  CODE 

7 of  16  Codes 

KEY  LAMP  FIEIDS 

10  to  50  Fields  * 

* Each  Field  May  Be  Assigned  These  Functions: 

Station  Nurrtoer  ( 1 to  ^*0  Separate  Nuirbers  ) 

Auto  Dial  ( One  Preset  Nunfcer  ) 

Speed  Call  ( 1 to  10  or  1 to  50  Preset  Nutrbers  ) 

Conference  ( Up  To  30  Conferees  ) 

Private  DCO  Line 
Override 
Prl-acy  Release 
Call  Waiting 
Call  Transfer 
Call  Pickup 
Call  Forwaixilng 
Ring  Again 
Attendant  Recall 
Intercon  Buzz 
Intercon  Voice 
Release 


Table  3 SUBSET  FEATURE  ASSIGNMENT  DATA 


The  Interesting  use  of  long  distance  abbreviated  rlialint’;  should  be  noted  in 
this  list.  Preset  numbers  without  the  last  3 or  ^ digits  allow  speed  calling 
to  a distant  office.  While  the  call  setup  is  in  progress  the  remaining-’:  digits 
are  added  by  the  caller.  Fbr  instance,  the  3 digit  abbreviated  number  used  at 
the  Defense  Conmunications  Engineering  Center  (DCEC)  in  Reston,  Virginia,  and 
the  M digit  number  used  at  the  Army  Conmunications  Conmand  (USACC)  in  Fbrt, 
Huachuca,  Arizona.  The  SL-1  system  was  easily  adapted  by  the  manufacturer 
to  move  the  A/D  converter  from  the  line  circuit  to  the  subscriber  instrument 
which  provided  us  a digital  subset  with  programmable  features.  The  SL-1 
system  and  the  SL-1  digital  and  analog  subsets  were  delivered  within  three 
months  of  contract  award  and  Yiave  been  tested  for  nine  months  at  Port  I'tonmoiith. 
This  test  certainly  proves  that  reliance  on  conmercial  product  lines  and  ex- 
ploiting their  performance  growth  potential  is  the  preferred  way  to  provide 
the  Department  of  Defense  with  a costeffective  post/base  telecommunications 
system,  maybe  it  is  the  only  way  considering  the  current  emphasis  on  more 
economical  military  systems.  i 
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I flakehurst  N^S 


FORT  MONMOUTH 
ACCESS  AREA 
GEOGRAPHY 


Dii . 

Mctiiri  AFB 

\ *1* 

\ 

SUBSCRIBER  MULTIPLEXER,  ACCESS 

TERMINAL  CONCENTRATOR  EXCHANGE 

CLUSTER 


Figure  3 Ft.  Monmouth  star  configuration. 
(Main  Post  Area) 


Figure  4 Ft.  Monmouth  ring  configuration. 
(Main  Post  Area) 


2.4  KBPS  SI6  SI6BUS.  .VOICE  BUS 


Figure  7 SL-  Digital  System 
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Al'TODIN  II  IN'!  KKFACK 


V..  S.  Me-  Clary 
Computer  Sciences  Corporation 
Falls  Church,  Virginia  22042 


INTItUDL’C  I ION 


The  Al'TODIN  11  Is  l>elng  designed  to  attract  subscribers 
prlniarllv  from  the  interactive,  query-response,  and  bulk 
file  f .ansfer  communities.  At  the  same  time  the  service 
presently  provided  to  the  narrative  traffic  subscriber  must 
be  malntalnetl.  Therefore,  It  was  decided  to  Implement  a 
packet-switched  service  to  provide  the  low  delay  for  the  fast 
response  tra'"'c  luid  to  provide  high  speed  ti-unklng  to  the 
present  .AL'TODl.N  suljscrlbers. 

A major  design  goal  Is  to  minimize  the  Impact  of  AUTO- 
DIN use  on  the  user.  A desire  Is,  of  course,  to  require  no 
changes  In  either  the  operation  or  procedures  which  are  pre- 
sently in  use  by  potential  subsciTl)ers.  While  this  desire  Is 
essentially  impossible,  the  interface  requirements  are  a 
combination  of  recognized  electrical  and  logical  standards 
plus  an  absolutely  minimum  amount  of  information  from 
users  over  :uid  above  the  text  (or  data)  to  be  transferred  by 
the  network.  This  paper  attempts  to  outline  these  require- 
ments as  they  are  known  at  this  stage  of  the  design  In  order 
to  facilitate  plaining  at  the  general  level  for  users  desiring 
to  make  use  of  the  Al'TODIN. 

INTFHFACE  METHODS 

In  order  to  understand  the  AITODIN  II,  a diagram  is 
presented  as  ITgure  1.  This  diagram  shows  the  salient 
features  of  a network  node  with  the  various  methods  for  net- 
work connection.  The  means  of  network  connection  may  be 
categorized  Into  three  fundamental  ways: 

1.  User-provided  front  end  processors  programmed  by 
the  user  to  satisfy  the  protocol  requirements  of  the  network. 
The  specifications  for  the  protocol  will  be  published  by  DCA 
as  a b>’-produet  of  the  network  development  so  that  the  user 
may  program  the  front  end  in  either  a HOL  or  native  language 
according  to  the  user’s  dictates.  At  a minimum,  the  Seg- 
ment Interface  Protocol  (SIP)  must  be  Implemented  In  order 
to  present  the  network  all  of  the  mandatory  information  for 
addressing,  security  protection,  error  control,  and  category 
of  service  (precedence)  desired  from  the  network.  In  ad- 
Ition,  If  the  user  wishes  to  converse  with  other  AUTODIN  II 
users  who  subscribe  to  the  standard  Transmission  Control 
Protocol  (TCP),  he  must  Implement  this  protocol.  However, 
it  Is  not  network  mandatory  If  the  user  has  developed  a trans- 
mission control  protocol  within  his  own  closed  community. 

2.  Network  provided  control  units  (Single  Channel  or 
Multichannel  Control  Units  (SCCU,  MCCU)).  These  devices, 
based  on  minicomputer  Implementation,  allow  a user  to  at- 
tach a host  to  the  network  and,  according  to  the  specific  in- 
terface options  selected  by  the  user,  "manages"  the  desired 
connections  through  the  network  by  providing  the  host  Inter- 
face (Host  Specific  Interface)  and  the  previously  mentioned 
TCP  and  SIP.  This  device  will  be  provided  to  authorized 
users  by  DCA  on  a tariffed  basis.  This  device  Is  the  key- 
stone to  the  desire  not  to  Impact  the  user  when  connecting 

to  the  network  and  contains  all  of  the  protocol  handlers  and 
accountability  packages  for  the  network  to  provide  the  service 
desired  by  the  user. 


3.  Terminal  access  arrangements.  Terminals  may 
directly  Interface  the  network  In  one  of  three  basic  wavs; 
directly  connected  to  the  node  via  an  access  line  to  the 
Terminal  Access  Controller  (TAC),  Interfacing  through  a 
time  division  multiplexer  located  for  geographical  cost 
savings  within  the  network  architecture,  or  via  an  Interface 
Control  Unit  (ICU)  which.  In  turn.  Interfaces  the  TAC  and 
provides  rudimentary  control  for  half  duplex  terminals. 

Each  of  these  devices  are  described  in  detail  In  DCA 
publications  and  these  details  are  not  covered  In  this  gen- 
eral discussion.  It  is  considered  sufficient  to  say  that  In- 
dividual cases  must  be  coordinated  with  DCA  prior  to  in 
elusion  within  AUTODIN  and  the  particular  method  will  l)e 
determined  during  this  coordination.  The  purpose  of  this 
paper  is  to  indicate  the  information  requirements  from  a 
general  user  In  order  that  the  network  may  transport  infor- 
mation for  the  users. 

USER  MODES 

To  the  general  user  there  are  three  modes  of  Interface 
to  AUTODIN  H;  Mode  HA,  which  Is  a charact.  r interface. 
Mode  VI  which  Is  a binary  interface,  and  .Mode  I,  which  is 
basically  designed  to  handle  current  AUTODIN  I subscribers 
directly  Interfaced  to  AUTODIN  II  nodes.  Of  these  modes, 
the  ones  specifically  addressed  In  this  paper  Is  the  Mode  EA 
and  Mode  VI.  This  Is  not  Intended  to  Ignore  the  third,  but 
in  the  early  time  frame  of  AUTODIN  H,  the  previous  two 
categories  are  the  most  probable  users  and  are  considered 
the  most  important  to  the  readers  at  this  time.  Of  these 
two,  the  detailed  discussion  will  concentrate  on  the  HA 
which  will  be  the  method  by  which  a character  oriented  sub- 
scriber will  Interface  with  the  network. 

Mode  HA 

This  mode  will  be  used  by  a subscriber  with  a character- 
oriented  terminal  which  may  be  epitomized  by  a keyboard 
device  such  as  a Model  35  Teletypewriter.  Transmission 
is  effected  by  a serial  character-by-character  stream  In  a 
variety  of  signalling  codes;  the  specific  code  being  irrele- 
vant to  this  discussion.  Recognize  that  the  particular  in- 
Dut  device  (e.g. , paper  tape  reader,  keyboard,  cassette, 
etc. ) Is  of  no  concern;  only  that  the  transmission  is  serial 
by  character  in  a recognizable  and  accepted  code  set. 

Figure  2 Indicates  the  Information  required  as  a mini- 
mum by  the  network  to  establish  a communication  path 
through  the  network.  The  terminal  operator  would  type  (or 
punch)  a SOH  character  followed  by  a selected  command 
code  and  an  EOL  character  Immediately  prior  to  the  text 
of  the  transmission.  The  transmission  would  then  be 
bounded  by  the  ETX  character.  The  network  access  area 
(In  this  case  the  TAC)  would  have  previously  been  loaded 
with  a "caimed"  leader  which  would  Ire  selected  for  the 
access  line  upon  receipt  of  the  command  code.  This  leader 
would  then  contain  all  of  the  Information  required  to  route 
the  transmission  to  a destination  contained  In  the  "canned" 
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Figure  2.  Character  Canned  Segment  Leader,  Type  J - 
Mode  IIA 

leader  at  a predetermined  precedence  and  unclassified 
■security  level.  lUrther,  a pi-escleetcd  TCC  would  be  In- 
serted to  identify  the  community  of  inteiest  associatcnl  with 
the  source-destination  pair.  Note  that  while  this  Is  the 
minimum  amount  of  information  required  for  connection 
establishment.  It  also  presents  the  least  ne.\lblllty  of  net- 
work connection  to  the  user;  one  predetermined  destination, 
TCC,  and  precedence,  and  unclassified  security  level. 

The  next  level  of  sophistication  is  tllustr.ated  in  Figure  3. 
This  differs  in  that  the  user  may  identify  the  destination 
and  precEidence  of  each  connection  but  is  still  restricted  to 
an  unclassified  security  level  and  a single  community  of  In- 
terest. However,  it  should  be  noted  that  there  Is  a require- 
ment for  only  six  data  items  (10  characters)  In  addition  to 
the  text. 
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(As  an  aside,  there  is  presently  an  investigation  pertain- 
ing to  pieiLabillty  of  ntisdelivery  that  indicates  the  desirabili- 
Ity  of  a redund.ant  tuldix'ss  and  TCC  field  which  would  add 
another  eight  characters  to  the  requirement.  Final  design 
will  probably  contain  this  rixiundant  field. 

There  are  two  points  which  should  be  highlighted  here. 

The  above  description  of  required  information  is  in  addition 
to  any  required  format  Information  that  is  required  by  the 
user  community.  For  example,  if  the  community  icqulrtxi  a 
formal  format  (or  procedure)  such  as  JANAP-12H,  or  similar, 
this  Information  Is  carrlExl  as  text  in  the  AUTODIN  II  network 
and  no  level  of  control  or  procedure  In  the  network  makes  use 
of  the  Information  in  the  text  field.  Secondly,  what  ever  seg- 
mentation occurs  to  the  text  In  the  network  for  transmission 
purposes  (packetizlng),  the  Information  discussed  above  Is 
provided  only  once  at  connection  estal)lishment  and  applies 
for  as  long  as  the  connection  exists. 

Mode  VI 

Mode  \T  exists  primarily  for  intelligent  devices  w hich  are 
capable  of  segmenting  traffic  on  a connection  Into  approxi- 
mately 4700  bits  or  less.  Further,  it  Is  required  that  a 32 
bit  cyclic  redundancy  code  be  generated  for  each  segment  and 
the  Advanced  Data  Communications  Control  Procedure 
(ADCCP)  flag  sequence  and  header  be  constructed.  This  for- 
mat assumes  a programmable  (or  logical  circuit  equivalent) 
device  such  as  a Channel  Control  Unit  (SCCU,  MCCU),  Front- 
End  Processor,  or  host  main  frame. 

The  Illustrative  figures  (Figures  5-7)  are  Included  for  re- 
ference. The  field  uses  are  similar  to  the  formats  described 
In  Mode  IIA. 

LlPl  t I' 


COMPLETE  TEXT  STRING 

J L 

H 

1 

M r> 
i>  i> 
1 

f 

1' 

1' 

: 1 . 

: Uu!,i„l  'J: 

1 - ‘ i 1 — 

*END  OF  LEADER  ASCII  CHARACTER  TO  BE  DEFINED 

8 

« '1 

'1  li  Mi>H  M > 

IV  1 1 M*l  ‘ , 

1 

Figure  3.  Character  Unclassified  Segment  I.eader, 
Type  K - Mode  IIA 


Finally,  there  is  the  complete  capability  offered  to  the 
Mode  IIA  user.  This  Is  illustrated  In  Figure  4.  This 
allows  the  user  to  specify  all  fields  upon  connection  es- 
tablishment. Again,  the  total  requirement  Is  for  eight 
data  Items  (15  characters). 
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Figure  5.  Type  C - Character  Seffment  Leader  Mode  VI 
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Figure  4.  Character  Segment  Iieafler,  Tyfje  I - Mode  UA 
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Figure  6,  Type  D - Character  Canned  Segment  Leader/ 
Mode  VI 


Complete  specifications  of  the  logical  and  physical  (elec- 
trical and  mechanical)  Interface  will  be  published  as  a pro- 
duct of  the  design  and  Implementation  and  will  be  available 
as  a publication  from  DCA  to  affected  parties. 


Figure  7.  Type  E - Character  Unclassified  Segment 
Ijcader/Move  VI 

SUMMATION 

An  attempt  has  been  made  to  illustrate  on  a general  level 
the  Information  required  by  AUTODIN  II  to  establish  a con- 
nection between  two  users.  The  particular  data  items  de- 
sired from  subscribers  requiring  three  levels  of  flexibility 
have  been  presented. 

While  any  packet  switching  network  with  multiple  levels 
of  independent  protocol  exhibits  a formidable  level  of  In- 
ternal network  design  details,  the  ultimate  results  as  viewed 
by  a single  user  need  not  be  overly  compIJcated.  The  design 
principles  In  the  AUTODIN  II  are  simplicity  to  the  user  with 
a resultant  minimum  Impact  on  user  procedures,  programs, 
and  equipment.  As  the  design  effort  continues  toward  an  In- 
itial Implementation  In  1979,  some  details  of  the  formats 
may  occur.  However,  It  Is  anticipated  that  the  changes  will 
be  minimal  and  that  this  description  will  remain  essentially 
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DIGITAL  MODEM  TECHNOLOGY 

FOR  STRATEGIC  AND  TACTICAI.  TR0P0SCAT7ER  AI^PLICATIONS 

Walter  J.  Cyt-rowski 
Communications/ADP  Laboratory 
US AECOM,  Fort  Monmouth,  NJ  07703 


Abstract 


The  Adaptive  Decision  Feedback  Equalizer,  the  Distortion  Adaotive 
Receiver  and  the  Combined  Coding  and  Modulation  modems  are  the  most  advanced 
modulation/demodulation  i-eciniques  for  transmission  of  digital  information 
over  strategic  and  tactical  troposcatter  links.  The  theory  of  operation  for 
each  of  these  modulation/demodulation  techniques  are  described.  Over-the- 
air  test  results  for  each  are  presented. 

Introduction 


Recent  interest  in  multimegabit  digital  troposcatter  communications  has 
prompted  the  development  of  several  advanced  modulation/demodulation 
techniques.  The  digital  modems  offer  improved  voice  and  data  channel  quality 
for  long  haul  strategic  systems  and  improved  link  reliability  for  tactical 
systems . 

The  two  most  advanced  techniques  are  the  Adaptive  Decision  Feedback 
Equalizer  (ADFE)  and  the  Distortion  Adaptive  Receiver  (DAR).  Each  of  these 
two  techniques  were  developed  to  provide  up  to  quadruple  diversity  operation. 
They  have  undergone  extensive  testing  over  both  simulated  links  and  operational 
L and  C Band  tropo  links  in  the  U.S.  and  Europe. 

A combination  coding  and  modulation  technique  has  also  been  developed 
in  a non-diversity  configuration.  Testing  over  simulated  link  and  limited 
over-the-air  testing  at  RADC  has  been  accomplished  on  this  modem. 

These  new  modem  techniques  have  a performance  advantage  over  previous 
troposcatter  digital  modems  in  that  performance  is  enhanced  by  utilizing 
available  in-band  frequency  diversity. 

The  troposcatter  channel  presents  special  problems  to  the  modem  designer. 
The  Rayleigh  distributed  fading  and  time  dispersive  characteristics  of  the 
tropo  channel  cause  various  degrees  of  signal  distortion  and  intersymbol 
interference.  The  advanced  modems  discussed  herein  have  been  successful 
in  minimizing  intersymbol  interference  and  gaining  additional  diversity 
performance. 


Discussion 


Media  Effects 


The  troposcatter  channel  is  characterized  by  short  term  received  signal 
level  fading  at  a nominal  0.25  to  10  Hz  rate  with  15-25  dB  fade  depths.  Long 
term  yearly  variations  in  received  signal  average  10-20  dB.  RMS  multipath 


irlay:;  I'f  ‘"O  n;: , Cut'  '.'.linfl.  paUi;',  aivl  up  t.o  approximately  "jOC  n;',  for  long 
rt.rateglc  fiathu,  are  eommon.  To  achieve  reliatle  coinraml  cat  ions , explicit 
iiverolt  y t ecimiciuer.  are  ejiiployel . Dual  space  diversity  is  commonly  used 
on  tactical  and  siiort.  strategic  links.  Comtinations  of  space  and  frequency 
diversity  are  employed  to  ol>tain  quadruple  diversity  normally  used  for  longer 
strategic  links. 

Severe  multipath  conditions  cause  intermodulation  distortion  and  cross- 
talk in  present  FDM/FM  analog  systems.  Digital  systems  suffer  intersymbol 
interference  leading  to  an  irreducible  error  rate  floor.  The  new  modems 
eliminate  intersymbol  interference,  within  certain  limits,  and  utilize  the 
frequency  selective  fading  over  the  transmitted  signal  bandwidth  to  achieve 
added  in-band  diversity. 

An  estimate  of  the  multipath  delay  for  a particular  path  can  be  found 
by  a method  proposed  by  Bello The  geometry  and  antema  beam  width  of 
the  path  are  used  to  calculate  the  RMS  multipath  spread  ^ ^ defined  as  the 
two-sided  standard  deviation  of  the  delay  variable  The  2 value  of 

multipath  delay  may  be  a significant  part  of  or  greater  than  the  transmitted 
data  symbol  width,  (T)  resulting  in  intersymbol  interference.  The  received 
data  symbol  energy  is  spread  out  in  time  at  the  receiver  and  some  of  this 
energy  overlaps  the  following  received  pulse  causing  errors.  This  effect 
can  be  visualized  as  being  caused  by  many  independent  scattering  paths  which 
are  uncorrelated . 

During  frequency  selective  fading  conditions  a segment  of  the  trans- 
mitted signal  spectrum  fades  a significant  amount  as  compared  to  the  re- 
mainder of  the  spectrum.  If  these  uncorrelated  energy  differences  could  be 
detected,  an  in-band  frequency  diversity  performance  improvement  could  be 
realized.  Gaining  implicit  diversity  requires  the  identification  of  the 
signal  components  received  from  different  delay  paths  and  utilizing  these 
in  the  decision  process (2).  The  amovmt  of  implicit  diversity  (Di)  to  be 
gained  is  proportional  to  the  multipath  spread  (2<r  ),  and  (W)  the  signal 
bandwidth,  Di  = 2<rW.  Thus  the  greater  the  transmitted  signal  bandwidth 
or  multipath  spread,  the  greater  the  achievable  implicit  diversity  advantage. 
Since  transmitted  signal  bandwidth  is  normally  restricted  to  7 or  10.5 

MHz  for  the  99%  power  bandwidth,  the  amount  of  link  multipath  available 
will  influence  modem  performance.  The  effect  of  increased  implicit  diversity 
on  system  performance  will  be  to  reduce  the  probability  of  experiencing  a 
fade  below  a threshold  error  probability.  Additionally  the  duration  of 
fades  below  the  threshold  that  do  occur  will  also  be  reduced .^3) 

An  upper  bo\md  exists  on  the  amount  of  multipath  a modem  can  tolerate 
before  intersymbol  interference  occurs.  This  is  normally  expressed  in 
terms  of  2<r/T  the  ratio  of  delay  power  spectra,  multipath,  to  the  symbol 
interval  T. 

Figure  1 shows  the  effects  of  multipath  on  the  performance  of  an  Adaptive 
Diversity  Feedback  Equalizer  (ADFE)  modem. Average  Bit  Error  Rate  (BER) 
is  plotted  versus  2 /1  with  the  modem  operating  at  9.U  mb/s,  in  a simulated 

quad  diversity  configuration.  The  performance  increases  as  2 /T  approaches 
unity  and  then  decreases  as  dominant  intersymbol  interference  causes  demodu- 
lation errors.  Note  that  for  constant  receive  signal  level  of  Eb/No  = 11 
and  12  dB,  BER  performance  increases  by  an  order  of  magnitude  with  an  increase 
in  multipath  from  0.1  to  unity. 
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Figure  1 ADFE  Modem  Implicit  Diversity  Effects 
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Di^'ltaL  Mociemr. 

Due  to  the  large  path  losses  associated  with  troposcatter  communications, 
effective  use  of  the  transmitter  power  output,  stage  must  be  made.  This 
stage  is  typically  a klystron  amplifier  operated  in  the  saturation  region 
for  optimum  prime  power  efficiency.  A constant  envelope  modulation  signal 
is  preferred  to  avoid  AM/PM  and  AM/AM  effects.  A high  data  packing  factor 
is  also  desirat)le  from  a spectrum  utilization  viewpoint.  Hie  requirement 
for  a const.ant,  envelope  signal  leads  to  FSK  and  PSK  modulation.  PSK 
utilizes  less  occupied  bandwidth  than  FSK  and  has  better  theoretical  per- 
formajice.  PSK  was  therefore  chosen  as  the  basic  modulation  format  for 
each  of  the  new  modems. 

a.  Adaptive  Decision  Feedback  Ec^ualization:  The  adaptive  equalization 

approach  uses  a decision  directed  feedback  equalization  teclinique.  A 
tapped  delay  line  with  feedback  control  is  used  to  adapt  to  the  varying 
meiiia  effects,  multipath  and  doppler  frequency  offset.  In  Figure  2O)  the 
diversity  receiver  down-converter  outputs  at  IF  70  MHz  are  amplified  and 
fed  to  individual  forward  filters.  The  forward  filters  consists  of  3 fap 
acoustic  surface  wave  delay  line  (SAW)  devices  with  tap  spacings  of  one- 
half  a symbol  interval.  The  function  of  this  transversal  filter  is  to 
provide  matched  filter  reception  and  reduce  intersymbol  interference  due  to 
future  receivefi,  but  not  yet  decision  detected,  data  symbols.  The  diversity 
equalized  signals  are  coherently  suvoned  by  an  equivalent  maximal  ratio 
predetection  combiner  and  the  resulting  single  70  MHz  signal  sent  to  the 
demodulator.  Hie  demodulator  performs  detection  of  the  QPSK  signal, 
filtering  and  A/D  conversion.  I and  Q channel  data  are  then  converted 
into  data  decisions  and  error  signals.  Differential  decoding  is  perfomed 
and  an  error  signal  is  formed  by  taking  the  difference  between  the  output 
of  a finite  integrator  and  a predetermined  decision  level.  The  error  signal 
is  supplied  to  the  forward  and  backward  equalizers  for  decision-directed 
adaptation  of  these  filters. 

The  backward  filter  has  up  to  three  taps,  the  number  used  depending  on 
link  multipath.  This  transversal  filter  is  digitally  implemented  with  tap 
spacing  at  the  symbol  interval.  The  function  of  this  filter  is  to  cancel 
past  digit  intersymbol  interference.  Backward  filter  tap  weights  are  formed 
by  correlating  delayed  data  with  the  baseband  decision  directed  error  signal. 

A time  tracking  loop  determines  receive  timing  from  the  ADFE  error 
signal  and  continually  corrects  offsets  in  transmit  and  receive  timing. 

Hie  modulator  used  with  the  ADFE  modem  is  a quadruple  phase  shift  keyed 
(QPSK)  modulator  shown  in  Figure  3.  The  video  interface  provides  level 
matching  between  the  balanced  inputs.  Transmit  data  multiplex  and  timing 
circuit  provides  the  capability  of  multiplexing  two  input  data  streams  with 
the  6U  Kb/s  service  channel.  The  QPSK  modulator  is  a straight  forward 
modulator.  The  70  MHz  spectrum  control  and  driver  limits  the  occupied  9^^% 
power  spectrum  of  the  modulated  70  MHz  signal.  The  signal  is  amplified  and 
divided  providing  two  outputs  for  diversity  transmitters. 
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Figiire  2 ATFE  Demodulator 


Service  Channel 


Figure  3 ADFE  Modulator 
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Pt''rroT'm;mfP  ronuM,:.  for  ovpt'  the  air  at  !?.('.  Mii/n  and  f'.i  I‘K)/s 

are  shown  in  Fii'ures  h and  resfjectiveiy . 

The  ADFE  modem,  known  as  the  Megabit  Digital  Troposcatter  Subsystem  (MDTS) 
r.omenclatured  MD-dl8/GRC,  was  (ieveloped  under  tlie  program  management  of 
U3ACSA  and  technical  direction  of  USAECOM  under  Contract  DAAB07-7li-C-00[i0. 

b.  Distortion  Adaptive  Receiver:  The  Distortion  Adaptive  Receiver  (DAR) 

utilizes  transmitter  time  gating  of  the  modulated  carrier  to  avoid  inter- 
symbol interference  caused  by  multipath.  In  Figure  6^^)  a 70  MHz  intermediate 
carrier  is  PSK  modulated  by  the  information  bits.  The  modulated  IF  carrier 
is  then  time  gated  to  have  an  approximate  off  period.  The  off  period 
forms  a guard  time  so  that  the  multipath  distorted  pulses,  do  not  overlap. 

A matched  filter  receiver  implementation  makes  use  of  all  the  energy  in  the 
symlx)l  interval.  Thus  the  DAR  gains  an  implicit  diversity  advantage  due  to 
in-band  frequency  diversity. 

Figure  7^^'  is  a block  diagram  of  the  DAR  receiver  for  simplicity, 
a binary  PSK  implementation  is  shown  instead  of  the  actual  QPSK.  A matched 
filter  receiver  is  formed  by  multiplying  the  distorted  received  signal  by  a 
reference  signal  and  integrating  over  the  symbol  interval.  The  reference 
signal  is  formed  by  using  a recirculating  loop  with  a gain  of  approximately 
0.9.  All  received  symbols  of  180°  phase  are  converted  to  0°  phase  in  the 
loop.  The  delay  line  causes  several  past  pulses  to  be  stored  forming  a 
memory  of  the  tropo  channel.  Signals  add  coherently  and  noise  adds  in- 
coherently in  the  loop  yielding  a processing  gain  of  13  dB  for  K =0.9. 

A nearly  noise  free  reference  is  established. 

In  a quadrature  diversity  systen  an  individual  adaptive  matched  filter 
is  used  for  each  diversity  channel.  The  outputs  of  each  channel  are  added 
and  the  reference  signal  is  multiplied  with  the  sum.  This  combining  is 
pre-detection  due  to  the  linear  nature  of  the  detection  process.  It  is 
equivalent  to  maximal  ratio  pre-detection  combining. 

'^’he  above  description  assumed  the  time  gate  was  sufficiently  wide  to 
act  as  a guard  band  to  prevent  intersymbol  interference.  As  the  data  rate 
is  increased  or  media  multipath  increases  the  time  gate  will  no  longer  be 
wide  enough  and  an  Irreducible  error  rate  is  reached. 

Receive  pulses  will  overlap,  causing  intersymbol  interference,  and  the 
bit  decisions  will  be  increasing  incorrectly.  By  adding  a Decision  Feedback 
Eciualizer  (DFE)  to  the  DAR  modem  the  intersymbol  interference  can  be 
adaptively  removed.  Referring  to  Figure  8 an  error  signal  is  formed  and 
will  be  non-zero  whenever  intersymbol  interference  occurs.  The  error  signal 
is  multiplied  by  the  past  received  bit,  inverted,  and  added  to  the  output 
of  the  integrate  and  dump  filter  to  cancel  the  intersymhol  interference.  This 
is  also  known  as  a tail  canceller  circuit.  When  the  magnitude  of  multipath 
delay,  2 , approaches  the  symbol  interval  the  tail  canceller  circuit  is 

requirefi.  The  circuit  extends  the  multipath  capability  of  the  DAR,  however, 
the  modem  complexity  grows. 

The  data  packing  factor  for  the  DAR  is  approximately  0.8  b/s/Hz  due  to 
the  BW  required  to  operate. 
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PSK  Modulated  Carrier 
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Another  implementation  method  for  t,he  DAR  is  an  interleaved  pulse  approach 
using  offset  IF  frequencies.  This  interleaving  of  time  gated  signals  yields 
an  almost  constant  signal  envelope  for  transmission  Figure  9.  It  is  the 
DAR  implementation  approach  taken  for  the  TRI-TAC  AN/TRC-170  family  of 
digital  tactical  troposcatter  radio  temminals. 

Test  results  for  the  DAR- IV  modem,  without  ADE  over  the  air  testing  on 
the  RADC  upstate  N.Y.  link  are  given  in  Figure  10^^)  for  7 Mb/s  quad- 
diversity  and  Figure  ll(^)  for  3.5  Mb/s  quad -diversity . 

The  DAR-IV  modem  was  developed  by  the  Department  of  the  Air  Force  (RADC) 
under  Contract  F30602-73-C-0273 . 

c.  Combined  Coding  and  Modulation  Approach:  A modem  technique 

utilizing  a data  interleaved  (2h,  12)  Golay  code  and  a channel  mea^rement 
probing  signal  with  Viterbi  decoding  algorithm  has  been  developed. (5) 

A block  diagram  of  the  modem  is  shown  in  Figure  12.  Input  data  is 
coded  and  interleaved,  12  infomation  data  bits  interleaved  with  12  parity 
bits,  then  combined  with  a pseudo-random  (PN)  channel  probing  sequence. 

A single  resulting  data  stream  QPSK  modxilates  a 70  MHz  IF  carrier.  At  the 
receiver  the  70  MHz  IF  signal  from  the  radio  receiver  is  amplified  and  down- 
converted  to  baseband.  In-phase  and  quadrature  baseband  channels  are 
detected.  This  received  digital  infoimation  contains  the  PN  channel  probing 
information  bits.  The  received  PN  bits  are  compared  to  a locally  generated 
PN  sequence,  identical  to  the  transmitter  PN  sequence.  Cross-correlation 
yields  bit  sync  infoimation  and  the  metrics  (distances)  needed  to  implement 
the  maximum  likelihood  demodulator  using  the  Viterbi  algorithm.  The  received 
data  bits  are  then  fed  to  the  channel  measurement  decoder  to  remove  the 
(2U,  12)  Golay  code.  This  last  step  employs  a Chase(^)  developed  algorithm. 

The  use  of  interleaving  allows  the  randomization  of  errors,  i.e.  breaking 
up  long  error  bursts  into  small  blocks  which  can  be  handled  by  coding.  The 
use  of  a (2k,  12)  Golay  code  is  for  error  correction  but  it  also  is  a form 
of  time  diversity  allowing  the  modan  to  gain  a performance  advantage  over 
an  uncoded  sequence.  The  Viterbi  decoding  algorithm  uses  the  troposcatter 
channel  as  a time  varying  convolutional  encoder  therefore  giving  the  modem 
an  in-band  frequency  diversity  improvement. 

With  a 2.3  Mb/s  Information  data  rate  input  to  the  modem  the  Golay  1/2 
rate  code  increases  the  transmitted  data  rate  to  h.6  Mb/s.  Use  of  the 
channel  probing  PN  sequence  in  addition  to  coding  causes  the  2.3  Mb/s 
infomation  rate  to  increase  to  5-5  Mb/s  transmission  data  rate. 

BER  versus  Eb/No  results  of  over-the-air  testing  on  the  RADC  168  mile 
test  link  are  given  in  Figures  13  and  lii.v7)  Figure  13  shows  performance 
with  and  without  (2k,  12)  Golay  coding  and  interleaving.  Figure  lU  shows 
results  with  and  without  Multiple  Rate  Coding.  Data  for  Figure  13  was 
taken  with  a 2.66  MHz  70  MHz  IF  filter  yielding  nearly  a 2 b/s/Hz  data 
packing  factor  for  the  Ii.6  Mb/s  l/2  rate  coded  transmitted  signal  and  nearly 
a 1 b/s/Hz  factor  considering  the  information  data  rate  of  2.3  Mb/s. 
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Figure  11  DAR  IV  Modem  3*5  Mb/s  Field  Test  Results 
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Interfaces 


A general  dual  ciiveTsity  strategic  or  tactical  digi tal  troposcatter 
terminal  is  shown  in  Figure  15.  The  modem  interfaces  with  a multiplexer 
or  other  data  source  at  baseband  and  supplies  a modulated  70  MHz  IF  carrier 
to  the  radio  equipment  for  transmission.  On  the  receive  side  the  modem 
accepts  the  outputs  of  diversity  receivers  at  70  MHz  and  demodiHates  the 
carrier  providing  the  multiplexers  or  receive  data  sink  with  baseband  data. 

g 

A master  station  clock,  accuracy  of  better  than  1 part  in  10  , supplies 
the  modem  and  radio  up  and  down  converter  stages  with  a stable  reference 
frequency.  The  modem  can  supply  timing  for  the  TDM  multiplexer  on  the 
transmit  side  or  obtain  timing  from  the  TDM  multiplier  output  data.  On 
the  receive  side  the  modem  supplies  receive  data  and  timing  to  the  TDM 
demultiplexer.  A bulk  encryption  device  can  be  inserted  between  the  TDM 
m\ix  and  the  mod  an. 

The  modems  discussed  previously  have  been  designed  to  operate  at 
nominal  data  rates  from  1.5  Mb/s  to  12.6  Mb/s  corresponding  to  from  2Li  to 
19?  6h  Kb/s  PCM  voice  channels. 

Systems  tests  of  equipment  configurations  similar  to  Figure  l5  have 
been  conducted  successfully  on  the  RADC  CONUS  test  bed  and  on  two  OCONUS 
NATO  ACE  HIGH  system  troposcatter  links  as  part  of  the  Combined  US/NATO 
Digital  Troposcatter  Test  Program. 

Summary 

Three  advanced  digital  troposcatter  modem  techniques  have  been  described. 
Each  is  distinctly  different  in  terms  of  modulation-demodulation  technique. 
However,  all  have  the  common  goal  of  achieving  high  quality,  low  HER, 
digital  communications  over  the  fading  and  time  variant  troposcatter 
channel.  Over-the-air  test  results  verify  the  capabilities  of  these 
techniques.  Effective  use  of  in-band  diversity  was  shown  to  have  an 
important  part  in  modem  performance. 
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THE  COMBINED  US/NATO  DIGITAL  TROPOSCATTER  TEST  PROGRAM 
John  L.  Osterholz 

DEFENSE  COMMUNICATIONS  ENGINEERING  CENTER 
RESTON,  VIRGINIA  22090 

ABSTRACT 


The  US  and  NATO  have  successfully  completed  a cooperative  test  program 
in  which  two  prototype  digital  troposcatter  modems,  the  MDTS  and  DAR,  were 
tested  over  communications  grade  troposcatter  links  in  a system  configuration. 
NATO  provided  two  links  of  the  NATO  owned  ACE  High  troposcatter  system, 
a medium  length  trans-alpine  link  and  a short  diffraction  link.  The  US 
provided  the  prototype  digital  troposcatter  modems  and  associated  TDM  and 
PCM  equipments  along  with  specialized  test  equipment.  NATO  has  responsi- 
bility for  the  analog  interface  between  the  prototype  modems  and  the  ACE 
High  radio  equipment.  The  US  had  primary  responsibility  for  the  digital 
interfaces  between  the  modems,  TDM,  PCM  and  specialized  test  equipment. 

Test  direction  and  data  analysis  responsibilities  were  shared  by  the 
Defense  Communications  Engineering  Center  (DCEC)  and  SHAPE  Technical  Center 
(STC).  The  US  Army  and  Air  Force  provided  the  modems,  TDM/PCM  equipment, 
test  instrumentation  and  technical  support. 

INTRODUCTION 


The  Combined  US/NATO  Digital  Troposcatter  Test  Program  was  chartered 
to  provide  megabit  digital  troposcatter  transmission  system  performance 
data  on  communications  grade  links.  This  data  was  required  for  the  follow- 
ing reasons: 

• To  verify  existing  methods  and,  if  necessary,  to  develop  new 
methods  for  reliably  predicting  digital  troposcatter  performance 
on  the  basis  of  measured  and  predicted  RF  link  performance. 

• To  provide  a statistical  data  base  to  characterize  digital  tropo- 
scatter channels  and  user  services. 


t To  gain  experience  with  the  operation  of  digital  troposcatter  links 
and  systems  under  realistic  conditions. 

• On  the  basis  of  the  above,  to  confidently  establish  the  feasibility 
of  digital  troposcatter  transmission  in  both  DCS  and  NATO  ACE  High 
systems . 
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• To  establish  a basis  for  additional  theoretical  and  experimental 

activities  concerning  digital  troposcatter  transmission,  as  required. 

The  test  effort  described  herein  encompassed  a 7 month,  24  hour  a day 
system  test  of  two  digital  troposcatter  modem  prototypes  and  was  accomplished 
between  January  and  August  1977.  The  links  utilized  in  this  test  program 
are  part  of  the  operational  analog  NATO  ACE  High  troposcatter  system  which 
were  removed  from  service  for  the  test  period. 

The  test  program  required  system  level  testing  at  nominal  digital  trans- 
mission rates  of  3.5,  7.0,  and  9.4  Mb/s.  Digital  Time  Division  Multiplex 
(TDM)  equipments  used  in  this  program  were  either  DCS  inventory  equipments 
or  prototype  models  which  are  functionally  similar  to  equipments  likely  to 
be  used  in  NATO  or  DCS  digital  transmission  systems. 

TEST  LINK  CONFIGURATIONS 


Link  Characteristics 


The  Combined  US/NATO  digital  troposcatter  system  utilized  two  links 
of  the  NATO  ACE  High  troposcatter  system.  The  first  test  link  was  a 
287.5  km  trans-alpine  test  link  operating  in  the  780-960  MHz  frequency 
band.  Pertinent  link  characteristics  and  a path  profile  are  contained 
in  Figure  1.  The  RF  equipment  in  place  on  this  link  was  retained  for  the 
test  and  is  equivalent  to  that  found  in  the  DCS.  The  second  test  link  is  a 
170.2  km  diffraction  link  within  a Federal  Republic  of  Germany  operating 
in  the  4.4  - 5.0  GHz  frequency  band.  Pertinent  link  data  and  a path  profile 
for  this  link  are  provided  in  Figure  2.  Both  test  links  were  engineered 
and  installed  by  Marconi,  Ltd.  in  the  1965-1969  time  frame  and  have  consis- 
tently demonstrated  high  reliability  as  analog  troposcatter  links. 

Digital  Test  System 

Two  major  configurations  were  utilized  on  the  test  links  depending  on 
their  transmitted  data  rate.  The  first  configuration,  illustrated  in 
Figure  3,  was  used  for  system  level  test  and  was  operated  at  a nominal 
data  rate  of  6.3  Mb/s.  In  this  configuration,  the  AN/GSC-24  Asynchronous 
TDM  was  used  to  multiplex  inputs  from  US  and  NATO  (CCITT  Compatible)  PCM 
channel  banks  along  with  a high  rate  (1.544  Mb/s)  pseudo  random  bit  stream. 
This  configuration  enabled  the  collection  of  system  performance  data  relating 
to  PCM  channel  outage  statistics  and  PCM/TDM  synchronization  stability. 

The  second  configuration,  as  shown  in  Figure  4,  was  used  for  3.5  Mb/s  DAR 
and  MDTS  link  tests  and  9.4  Mb/s  MDTS  link  tests.  This  configuration 
facilitated  the  collection  of  digital  troposcatter  modem/RF  subsystem 
performance  data.  MDTS  and  DAR  digital  orderwire  capabilities  were  integrated 
with  the  station  facilities  and  used  for  both  test  and  operational  ACE 
High  purposes. 
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Transmitted  bandwidth  constraints  imposed  on  the  MDTS  and  DAR  for  the 
test  program  are  given  in  Table  1.  It  was  the  objective  of  the  test 
program  to  make  available  the  necessary  bandwidth  for  each  technique.  The 
larger  question  of  bandwidth  availability  for  actual  DCS/NATO  implementations, 
while  not  addressed  by  this  program,  is  currently  under  study  by  DCEC  and 
ECAC. 


TABLE  1.  TRANSMITTED  BANDWIDTH  (BW)  CONSTRAINTS 
MODEM  DATA  RATE  BW  (99  PERCENT) 


MDTS 

3.2 

3.5 

6.3 

7.0 

9.4 

7.0 

DAR 

3.5 

7.0 

7.0 

10.5 

Data  Acquisition  System 

The  Data  Acquisition  System  (DAS)  utilized  in  this  test  program  was 
assembled  primarily  from  equipment  already  in  US  and  NATO  inventories 
thus  avoiding  a major  custom  instrumentation  effort.  STC  did,  however, 
fabricate  a multichannel  digital  tape  recorder  which  was  effectively  used 
to  collect  fine  grained  performance  data  for  off  line  analysis  by  DCEC  and 
STC.  A functional  level  block  diagram  illustrating  the  major  elements  of 
the  DAS  is  shown  in  Figure  5. 


TEST  RESULTS 


This  section  summarizes  the  major  test  results  which  have  been  validated 
to  date.  DCEC  and  STC  will  coauthor  a comprehensive  test  report  which  will 
provide  a more  detailed  analysis  to  support  these  results. 

Link  Analysis 

Received  Signal  Level  (RSL)  statistics  for  the  trans-alpine  test 
link,  IDGZ-AFEZ,  are  presented  in  Figure  6 along  with  the  predicted  RSL 
distribution  for  the  link.  Excellent  agreement  with  predicted  values  was 
obtained  with  receiver  4 while  only  moderate  agreement  was  measured  with 
receiver  2.  Receivers  1 and  3,  however,  were  seen  to  deviate  significantly 
from  the  predicted  RSL  distribution.  Analysis  of  the  short  term  RSL 
distributions  for  all  receivers  has  indicated  that  a specular  (non-fading) 
component  was  present  in  varying  amounts  in  all  four  diversity  received 
signals.  As  typified  by  Figure  7,  the  ratio  of  specualr  to  scatter  signal 
power  is  seen  to  vary  from  near  OdB  (mostly  scatter)  in  the  case  of  receiver 
4 to  almost  15  dB  (mostly  non- fading)  in  the  case  of  receiver  1.  This 
observation  is  supported  by  Figure  6 which  shows  receiver  1 and  3 having 
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higher  long  tenn  median  signal  levels  and  smaller  standard  deviations  than 
receivers  2 and  4.  These  distributions  are  characteristic  of  a forward 
scatter  path  with  a large  non-fading  component.  The  propagation  mechanism 
which  caused  this  behavior  is  currently  under  study.  A possible  explanation 
for  this  phenomenon  is  double  knife  edge  diffraction,  although  it  is  unlikely 
that  the  path  profiled  in  Figure  1 will  support  this  conclusion.  A more 
plausable  explanation  may  be  that  off  axis  reflection/diffraction  is 
responsible  for  this  phenomenon  since  it  appears  to  be  highly  space  selective. 

Diversity  branch  envelope  correlation  coefficients  were  calculated 
on  the  basis  of  measured  data  for  all  diversity  paths.  In  every  case  almost 
total  short  term  decorrelation  of  diversity  RSL  was  noted.  As  an  example. 
Figure  8 is  a scatter  plot  of  RSLs  measured  in  receivers  2 and  4 over  a 24 
hour  test  day  and  containing  over  4 x 105  individual  data  points.  The 
envelope  correlation  coefficient  calculated  from  this  data  was  .06. 

Multipath  data  for  the  IDGZ-AFEZ  trans-alpine  link  was  not  directly 
obtained  due  to  the  unavailability  of  a multipath  analyzer.  However,  the 
backward  equalizer  control  voltage  of  the  MDTS  was  found  to  provide  a 
reasonable  indicator  of  the  amount  of  multipath  dispersion  present  on  the 
link  and  therefore  this  voltage  was  recorded.  The  final  analysis  of 
multipath  dispersion  statistics  for  this  link  has  not  been  completed  at  the 
date  of  this  submission.  A preliminary  analysis  indicates  that  the  Root 
Mean  Square  (RMS)  multipath  dispersion  measured  on  the  trans-alpine  link 
was  much  greater  than  the  originally  predicted  value.  A review  of  the 
propagation  data  supports  this  analysis.  It  is  likely  that  the  actual  link 
exhibited  a composite  multipath  profile  such  as  that  illustrated  by  Figure 
9 where  the  mixing  of  specular  and  delayed  scatter  components  resulted  in 
a large  overall  delay  spread.  The  total  differential  time  delay  measured 
from  the  specular  signal  component  to  the  extrema  of  the  troposcatter  delay 
profile  can  easily  result  in  a total  multipath  spread  almost  twice  that 
predicted  for  the  troposcatter  propagation  mode  alone.  Additionally, 
the  total  multipath  spread  was  seen  to  have  a diurnal  variation  which 
coincided  with  increased  fading  activity  of  the  link  thus  indicating  that 
as  the  link  began  to  fade  it  also  became  dispersive. 

Data  on  the  4. 4-5.0  GHz  diffraction  test  link  has  not  been  analyzed  at 
the  date  of  this  submission.  Supplementary  material  will  be  provided  as  it 
becomes  available. 

Digital  System  Performance 

Digital  performance  data  on  both  the  MDTS  and  DAR  prototype  modems  and 
the  MDTS  modem  in  the  system  configuration  was  collected  over  a seven  month 
period  from  January  to  August  1977. 


Performance  of  the  MDTS  on  the  trans-alpine  link  was  measured  from 
January  to  May  1977  and  is  summarized  by  Figures  10  and  11.  Figures  10 
and  11  represent  Bit  Error  performance  data  taken  with  the  MDTS  6.3  Mb/s 
system  test  configuration  and  includes  the  effects  of  occasional  modem  and 
TDM  losses  of  Bit  Count  Integrity  (BCI).  As  indicated  by  Figure  10,  the 
MDTS/TDM  system  provided  a mean  Bit  Error  Rate  (BER)  of  better  than  10"5 
for  99.99  percent  of  the  test  period  in  quad  diversity.  From  Figure  11  it 
is  seen  that  better  than  85  percent  of  all  MDTS  test  seconds  were  error 
free  at  6.3  Mb/s.  While  this  certainly  indicates  very  good  performance,  a 
minor  performance  degradation  was  measured  and  attributed  to  the  effects  of 
large  diversity  signal  differentials  on  the  MDTS  IF  circuitry. 

While  the  concept  of  mean  Bit  Error  Rate  is  not  particularly  useful  in 
the  development  of  link  engineering  standards,  it  nevertheless  provides  a 
broad  indication  of  the  performance  of  digital  systems.  A more  relevent 
parameter  is  the  probability  of  fade  outage,  which  is  the  probability  that 
the  performance  of  a digital  channel  will  degrade  below  a specified  threshold 
for  a period  of  time  which  is  noticable  to  the  subscriber.  DCEC  digital 
transmission  system  engineering  is  based  on  specifying  an  acceptable  prob- 
ability of  fade  outage.  The  final  test  report  for  the  combined  US/NATO 
Digital  Troposcatter  Test  Program  will  analyze  MDTS  and  DAR  performance 
based  on  this  more  accurate  performance  parameter. 

Figure  12  shows  the  results  of  MDTS  performance  tests  at  9.4  Mb/s 
in  a 7.0  MHz  transmitted  bandwidth  (1.34  bits/cycle)  using  the  link  test 
configuration.  Since  the  total  test  time  spent  at  9.4  Mb/s  was  limited, 
little  can  be  said  beyond  the  observation  that  usable  voice  communications 
was  achieved  and  that  the  performance  of  the  modem  degraded  significantly 
whenever  the  channel  multipath  dispersion  became  noticable.  These  obser- 
vations indicate  that  a significant  reduction  of  the  multipath  handling 
capability  of  the  MDTS  was  experienced  as  a result  of  transmitter  bandwidth 
limitations  and  also  that  the  remaining  capability  was  marginally  effective. 
However,  further  tests  need  to  be  accomplished  to  quantify  the  performance 
of  the  MDTS  modem  at  RF  spectrum  efficiences  greater  than  1.0  bits/cycle 
since  suboptimal  broadbanding  of  the  RF  equipment  was  responsible  for 
much  of  this  degradation. 

DAR  performance  on  the  IDGZ-AFEZ  link  was  measured  over  a one  month 
period  between  4 May  and  6 June  1977.  DAR  performance  data  was  collected 
using  only  the  link  test  configuration.  Because  of  severe  bandlimiting 
in  the  RF  equipment  at  the  transmitter  site,  the  DAR  performance  was  mixed. 
Bandlimiting  in  the  high  power  klystron  resulted  in  a loss  of  multipath 
handling  capability  in  the  DAR.  At  7.0  Mb/s,  which  is  the  highest  data  rate 
of  the  DAR,  performance  ranged  from  excellent  during  non-fading  periods 
to  marginal  during  periods  when  the  link  was  fading.  As  all  DAR  test 
runs  were  accomplished  at  high  RSLs , the  DAR  performance  appeared  to  be 
limited  primarily  by  an  inability  to  accommodate  the  composite  bandlimited 
radio/troposcatter  channel.  Figure  14  sunmarizes  the  BER  performance  of 
the  DAR  on  the  trans-alpine  UHF  link  at  7.0  Mb/s.  The  DAR  and  MDTS  modems 
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were  also  tested  at  the  3.5  Mb/s  (nominal)  transmission  rate.  Test  data 
at  this  rate  indicated  that  both  techniques  performed  with  essential 
equi valence. 

Bit  Count  Integrity  (BCI)  or  synchronization  performance  of  the  MDTS/ 
TDM/PCM  system  configurations  was  monitored  continually.  A summary  of  this 
data  is  presented  in  Figure  13  for  both  dual  and  quad  diversity.  In  quad 
diversity  loss  of  BCI  events  were  observed  in  only  4 percent  of  the  test 
runs.  None  of  these  BCI  losses  were  charged  to  the  MOTS  modem. 

In  dual  diversity,  loss  of  BCI  events  were  noted  in  6 percent  of  the 
test  runs.  Approximately  one  half  of  these  events  were  charged  to  the  MDTS. 

In  all  cases,  however,  BCI  was  regained  in  less  than  50  msec.  Therefore, 
loss  of  BCI  was  not  a significant  source  of  system  degradation  even  in 
dual  diversity.  BCI  losses  at  9.4  Mb/s  were  more  frequent  and  were  observed 
in  approximately  5 percent  of  the  quad  diversity  tests.  The  increased 
frequency  of  BCI  loss  observed  at  9.4  Mb/s  (1.3  bi sts/cycle)  was  undoubtedly 
due  to  the  significant  intersymbol  interference  suffered  in  that  configuration. 


CONCLUSIONS 

The  results  obtained  in  this  test,  when  considered  together  with 
previous  Army  and  Air  Force  tests,  establish  that  toll  quality  megabit 
digital  troposcatter  transmission  can  be  reliably  provided  over  communications 
grade  troposcatter  links  at  RF  spectrum  efficiencies  up  to  1 bit/cycle.  A 
troposcatter  link  which  has  provided  acceptable  analog  service  should 
provide  noticably  improved  service  if  digitized.  Analog  troposcatter  links 
which  have  performed  marginally  can  be  significantly  improved  by  the 
application  of  digital  transmission.  The  demonstrated  robustness  of  PCM 
transmission  for  voice  communications  under  varying  signal  level  conditions 
together  with  the  capability  to  virtually  eliminate  periodic  system  and 
link  alignment  make  digitization  a desirable  and  necessary  method  for 
upgrading  those  troposcatter  links  which  will  be  retained  in  the  DCS. 

Digital  troposcatter  technology  has  matured  to  the  point  where  pilot 
implementation  can  now  confidently  proceed. 
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The  Use  of  Graphics 
in  a Tactical  Environment 

Mr.  Leon  Bloom,  Manager  Advanced  Computer  Systems, 

Litton  Data  Systems,  Van  Nuys,  California 

ABSTRACT 

New  technology  has  made  possible  the  introduc-  their  role  in  improving  communication  among 

tion  of  graphic  communication  and  display  in  the  various  echelons  of  front  line  troops  The  ability 

tactical  environment.  This  paper  describes  two  to  reduce  message  composition  time  and  trans- 
devices: one.  a large  multi-color  flat  panel  dis-  mission  time  while  improving  the  ability  to  under- 
play system;  the  other,  a hand-held  intelligent  stand  and  take  action  based  on  the  communica- 

terminal,  and  indicates  their  interrelation  and  tion  will  be  stressed. 

INTRODUCTION 

The  importance  of  communications  to  tactical  Fixed  format  messages  have  been  developed  that 

forces  has  been  recognized  since  the  days  when  handle  most  of  the  basic  needs  and  also  reduce 

jungledrumsandsmokesignalsweretheprimary  composition  and  transmission  time  The 

means  employed.  While  elementary  messages  shortness  of  the  burst  makes  it  difficult  for  the 

could  be  sent  in  this  manner,  more  complex  enemy  to  locate  the  transmitter  while  the  addition 

communications,  particularly  those  that  required  of  crypto  devices  reduces  the  probability  that  the 

secure  transmission,  were  handled  by  messen-  messages  will  be  interpreted  by  him.  The  short 

gers.  Communication  in  modern  warfare  has  transmission  burst  also  helps  to  cleartheairways 

advanced  to  the  point  where  most  messages  are  so  that  more  traffic  can  be  handled  with  fewer 

communicated  by  voice  to  the  extent  that  two-  frequencies,  and  the  one-way-at-a-time  nature  of 

way  conversations  filled  the  airways  during  WW  the  communication  eliminates  the  temptation  to 

II.  Korea,  and  Vietnam.  get  into  a conversation. 

While  this  form  of  communication  could  handle 
many  basic  messages,  it  left  much  to  be  desired. 

Shortcomings  included  the  fact  that  the  message 
transmissions  were  error  prone  and  often 
deteriorated  into  lengthy  two-way  conversations 
that  tied  up  the  frequency  channels,  used 
excessive  radio  power,  and  could  be  easily 
detected  or  intercepted.  Long  transmission  times 
made  it  easy  for  the  enemy  to  locate  and  jam  or 
destroy  the  transmitters.  Messages  were  often 
misunderstood,  and  the  lack  of  hard-copy,  while 
somewhat  alleviated  by  radio-teletypes,  made  it 
impossible  to  reconstruct  what  was  actually  said 
or  meant  by  the  communicators. 

In  the  past  few  years,  technological 
advancements  have  made  possible  the 
development  of  hand-held,  battery-powered, 
digital  communication  devices  that,  when  used  in 
conjunction  with  voice  band  radios,  allow  the 
communicator  to  compose  and  edit  an 
alphanumeric  message  and  transmit  it  in  a one- 
or-two  second  burst  to  a computer  or  other 
digital  message  device.  There  the  message  can 
be  received,  displayed,  and,  if  necessary,  printed 
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The  fact  that  a received  message  can  be  viewed 
and  reviewed  by  the  receiving  party  minimizes 
the  confusion  factor  but  does  not  completely 
eliminate  it.  This  is  because  certain  types  of  data 
are  not  immediately  amenable  to  verbal  descrip- 
tion. When  it  comes  to  describing  the  position 
and  movement  of  friendly  or  enemy  forces  to  be 
taken  (or  not  taken)  to  reach  an  objective,  angles 
of  attack  to  be  attempted,  or  terrain  features  to  be 
avoided,  a picture  is  probably  worth  10,000  words. 

This  fact  has  long  been  recognized  and  is 
manifested  in  the  use  of  planning  boards  and 
maps  at  the  higher  echelons  and  scratchings  in 
dirt  or  sketches  on  scraps  of  paper  on  the  front 
lines.  Where  this  type  of  graphic  communication 
is  required,  all  concerned  parties  must  gather  in 
one  place  to  review  and  develop  the  plan,  while 
messengers  are  used  to  carry  the  "word  " to  the 
responsible  action  parties.  In  the  process,  vital 
time  and  messengers  may  be  lost  in  the 
communication 


INTERACTIVE  COMPUTER  PRESENTATION 
PANEL  (ICPP) 

The  development  of  the  Interactive  Computer 
Presentation  Panel  (ICPP)  will  soon  automate 
and  computerize  the  planning  board  Using 
computers  and  a dynamic  large  flat  panel  display 
integrated  with  a paper  map,  the  ICPP  will  permit 
commanders  to  graphically  view  the  tactical 
situation  in  real  time,  plan  strategy  and  tactics 
based  on  current  developments,  and 
communicate  the  resultant  picture  to  other 
i^ir-’Ps.  Use  of  the  Conference  Mode  will,  m time, 
'permit  joint  planning  to  take  place  by  several 
commanders,  each  located  m his  own  area  of 
control  but  able  to  engage  in  multiway  graphic 
conversation  with  other  commanders 

The  ICPP  presents  the  dynamic  battle  situation 
under  contro  of  a host  computer  and  an 
integrated  controller  The  1 meter  by  1 meter 
panel  shows  such  data  elements  as  enemy  and 
friendly  troop  dispositions.  No  Fire  Lines  (NFL), 
and  the  Forward  Edge  of  the  Battle  Area  (FEBA) 
As  the  situation  changes,  the  computer  displays 
(tie  updated  locations  Integration  with  the  paper 
map  shows  all  positions  relative  to  the  specific 
areas  of  the  map. 


Using  an  Interactive  Operator  Control  (IOC)  unit, 
the  operator  may  move  forces  around  (in  a 
planning  mode)  or  ask  for  amplifying  data  about 
specific  forces  that  are  represented  on  the  map 
by  standard  military  symbols 

Symbols  can  be  created,  modified,  moved,  or 
grouped  System  response  time  is  measured  in 
fractions  of  seconds  with  all  data  presented  in 


clear,  easily-understood  formats  For  example,  in 
the  case  of  the  Litton  ICPP,  enemy  forces  are 
shown  in  red,  friendlies  m green,  and  the  FEBA, 
and  NFL,  in  amber 


The  instantaneous  graphic  representation  of  the 
current  battle  situation  allows  the  commander  to 
make  immediate,  intelligent  decisions  without 
the  need  for  overlays  or  other  mechanical  aids 
that  have,  up  until  now  tended  to  delay  and.  at 
times,  completely  impeded  the  planning  process 

While  the  ICPP  will  solve  the  graphic 
representation  and  communication  problem  for 
the  commander,  it  will  do  little  to  help  the  lower 
echelon  personnel  who  can  hardly  be  expected  to 
carry  an  ICPP  into  a forward  observation  post, 
forward  air  control  post,  or  attack  aircraft  and 
the  idea  of  an  infantry  platoon  leader  arrymg 
into  battle  anything  but  the  smallest  of 
communcation  devices  borders  on  the  ludicrous 

Yet.  the  information  that  might  be  made  available 
on  a graphic  communication  device  could  be 
invaluable  Answers  to  guestions  like.  What  is 
my  position  relative  to  yours"^"  or  " the  next 
platoon?"  or  ' Company  B"’"  or  ' the 
enemy?"  or ' . our  objective'^ ' can  be  given  most 
clearly  and  succinctly  in  a graphic  form 

INTERACTIVE  DISPLAY  TERMINAL  (IDT) 

With  the  development  of  the  Interactive  Display 
Terminal  (IDT),  it  is  now  possible  to  compose, 
edit,  transmit,  receive,  and  display  graphic 
messages  using  a unit  that  is  less  than  100  cubic 
inches  in  volume  and  weighs  /ess  than  four 
pounds,  including  batteries  It's  3 " ' 4 . " LED 
display  and  infinitely  variable  keyboard  combine 
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to  provide  a capability  and  flexibility  that  have 
previously  not  lieen  available,  even  in  larger, 
more  complex  devices  Display  resolution  on 
maps,  charts,  oi  graphs  is  approximately  1%  so 
that,  for  example,  each  diode  position  on  a 2 km  “ 
2 km  map  displayed  on  the  IDT  represents  20 
meters 


•T' 


While  the  map  display  area  on  the  IDT  is  small,  it 
can  represent  an  appropriate  area  of  interest  and 
a useful  resolution  for  a forward  observer,  com- 
pany commander,  or  survey  party,  when  a 2 km 
or  4 km  square  area  is  shown;  or  for  a forward 
air  controller  or  Stinger  or  Redeye  Missile  team, 
when  a 16  km  square  area  is  shown.  Changes  in 
scale  on  the  display  may  be  achieved  by 
requesting  transmission  of  various  size  areas  of 
interest  from  a higher  echelon  or  by  scaling  an 
indicated  area  within  the  IDT  itself 

Map-related  data  such  as  location  of  friendly  and 
enemy  forces,  NFLs.  safety  zones,  that  are  trans- 
mitted to  and  displayed  on  the  IDT,  are  merely 
subsets  of  the  identical  data  appearing  on  the 
ICPP  Terrain  reference  points:  e.g.,  roads, 

rivers,  hilltops,  buildings,  bridges,  which 
normally  appear  on  the  map  overlay  of  the  ICPP 
also  must  be  digitized  and  transmitted  to  the  IDT 
for  use  by  forward  element  forces. 

INTERACTIVE  GRAPHIC  TERMINAL  (IGT) 

The  ability  to  capture  and  transmit  this  type  of 
data  has  been  developed  as  part  of  the  IDT 
system.  The  mechanism  uses  a digitizer 
connected  to  an  IDT  This  combination  is 
referred  to  as  the  Interactive  Graphic  Terminal, 
IGT  As  the  user  of  the  digitizer  traces  the  map 
terrain  features  with  the  stylus  of  the  digitizer,  the 
lines  which  are  drawn,  immediately  appear  on  the 
map  display  area  of  the  IGT  according  to  the  map 
scale  previously  selected  Symbology  such  as 
buildings,  bridges,  hilltops,  etc  may  be  added  to 


the  map  to  withm  1%  of  their  true  locations  by 
using  the  symbol  keyboard  of  the  IDT  m conjunc- 
tion with  the  digitizer  When  the  map  is 
completed,  it  can  be  transmitted  instantaneously 
to  other  IDTs 

HOW  GRAPHICS  WILL  BE  USED 

A typical  sequence  of  events  might  involve  a 
Forward  Observer  (FO)  establishing  an 
observation  post  and  transmitting  a message  to 
the  battery  commander  defining  his  location,  the 
direction  he  is  '-^cing.  in  mils,  and  the  map  area  he 
wishes  to  view.  Using  a specially  designed  tem- 
plate, the  operator  at  the  IGT  selects  the  appro- 
priately scaled  paper  map,  orients  the  digitizer  to 
the  direction  indicated  by  the  FO,  selects  the  pro- 
per scale,  registers  a corner  of  the  map  area  and, 
using  the  digitizer  stylus,  traces  the  appropriate 
terrain  features  and  enters  selected  symbology 
including  the  location  of  friendly  and  enemy 
forces.  The  IGT  operator  then  transmits  the  map 
to  the  requesting  FO's  IDT  (As  the  troops  move, 
updates  are  sent;  and  map  symbols  are  moved  ) 

The  received  map,  not  only  displays  the  ana  of 
interest,  with  a 1%  resolution,  it  displays  it  at  the 
orientation  requested  by  the  FO  The  entire 
process,  from  initial  request  through  map 
generation  and  transmission  to  receipt,  takes 
only  3-5  minutes. 

By  using  the  functions  within  the  unit,  the  FO  or 
other  forward  element  can  now:  1 ) move  a cursor 
to  any  point  on  the  map;  2)  enter  symbology; 
3)  draw  lines;  4)  calculate  distance  and  angle 
from  one  point  to  another;  5)  request  identifica- 
tion or  amplifying  data;  6)  calculate  the  coordin- 
ates of  a point;  7)  change  map  scale;  and  8)  trans- 
mit, receive,  and  display  any  of  the  above  infor- 
mation to  another  IDT.  to  a larger  display,  or  to  a 
computer.  Included  with  this  capability  is  the 
ability  to  designate  a target  and  target  type 
directly  on  the  map.  and  transmit  the  resultant 
fire  request  so  that  the  target  coordinates  enter 
the  TACFIRE  computer.  Battery  computer,  or 
Fire  Control  Calculator  directly  while  the 
receiving  IDT  displays  the  target  at  its  map  loca- 
tion. The  aforementioned  computers  will  calcu- 
late fire  commands,  while  the  commander  will 
make  his  decisions  on  when  or  whether  to  fire 
based  on  his  graphic  display. 

This  latter  function:  i.e.,  that  of  displaying  the 
location  of  the  target  on  the  map  for  the  decision 
maker,  represents  the  key  element  in  the  use  of 
graphics  in  a tactical  environment  By  using 
various  size  graphic  displays  at  different  eche- 
lons, from  the  ICPP  at  Corps,  Division,  a^d  Batta- 
lion to  the  IDT  by  the  FO,  Platoon  Leader,  Com- 
pany Commander,  or  Air  Defense  Weapons  team. 
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and  making  use  of  the  same  basic  data  base,  all 
forces  m the  field  will  have  the  ability  to  see  an 
up-to-the-minute  picture  of  the  area  of  the  battle- 
field of  interest  to  him.  His  position  relative  to 
others  will  be  instantly  presented  in  a clear,  easy 
to  comprehend  form.  Graphic  communication 
will  include: 

• Battalion  Infantry  Commanders  defining  an 
objective  to  be  taken 

• Company  Commanders  sending  attack 
plans  up  for  approval  and  then  transmitting 
approved  plans  (frag  orders)  to  platoon 
leaders 

• Forward  Air  Control  Posts  assigning  aircraft 
for  close  air  support  while  defining  directions 
of  approach  and  safety  zones 

• Artillery  FOs  pointing  out  targets  and  hav- 
ing the  target  location  and  type  appear  in 
graphic  form  for  instant  decision  making 

• And  many  more. 

In  all  cases,  each  element  will  be  able  to  see  his 
position  relative  to  other  friendlies,  the  enemy, 
the  target,  and  various  terrain  features.  The  pos- 
sibilities for  improved  decision  making  and  the 
resultant  savings  of  lives  is  difficult  to  estimate, 
but  we  are  sure  it  will  be  more  than  worth  the 
investment  in  this  new  technology. 


The  author  has  had  23  years  of  experience  in  the 
design  of  information  systems  and  is  a co- 
inventor of  the  Interactive  Display  Terminal  (IDT). 


NEW  TECHNOLOGY  PUOGRAMMABLE  INTERFACE 
FOR  ARTADS  AUTOMATIC  TEST 

By: 

D.M.  Priestley 


One  of  the  limitations  to  efficient  application  of  automatic  test  systems  has  been 
the  interface  between  the  tester  and  the  units-under-test  (UUT).  Whenever  a 
test  system  serves  a variety  of  different  UUT's,  there  has  been,  in  the  past, 
a proliferation  of  special  adapter  cables  and  test-adapter  boxes.  The  interface 
hardware  makes  the  unique  interconnections  to  the  UUT  and  augments  the  test 
system  with  special  loads  and  interface  circuits.  The  procurement,  logistics 
support  and  change  control  of  such  adapters  for  fielded  UUT's  becomes  very 
cumbersome  and  a major  expense  to  the  user 

A Programmable  Interface  Unit,  introduced  in  the  AN/USM-410  Automatic  Test 
System,  is  a viable  solution  to  the  interface  problem.  The  AN/USM-410  with 
programmable  interface  was  first  used  by  the  Army  during  OT  111  support  of 
the  ARTADS  AN/TSQ-73.  Automatic  test  programs  were  developed  for  test 
and  fault  isolation  of  printed  circuit  boards.  The  flexibility  of  the  programma- 
ble interface  simplified  the  interface  adapters  required  for  test  of  the  AN/TSQ- 
73  at  Homestead  Air  Force  Base  during  the  June-December  1976  OT  III  tests. 

The  AN/USM-410  with  Programmable  Interface  Unit  shown  in  Figure  1 pro- 
vides a complement  of  128  identical  Universal  Test  Point  circuits,  each  of 
which  can,  undei  program  control,  be  connected  to  a UUT  interface  line  for 
measurement  purposes  or  for  excitation  from  a selected  dc,  ac,  or  pulse 
stimulus.  The  number  of  Universal  Test  Points  that  can  be  provided  in  a given 
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Figure  1.  AN/USM-410 


shows  otu'  ol  tho  sixtv-lour  l)u:il  I nivorsal  Test  I’oint  lx)ards  of  the  Prof^ram- 
mahle  Interface  Unit.  The  itKliviihial  hylH  id  microcircuits  used  on  this  board 


are  separately  hijihli^hted  in  the  photograph  around  the  periphery  of  the  board 


FiKure  1’.  Dual  Universal  Test  Point  Board  and  Hybrids 


Conventional  discrete-circuit  packa^int;  methods  would  lead  to  a physically 
large  unit  that  would  be  subject  to  system  noise  prolilems  and  performance 
degradation  from  line  capacitance  and  resistance.  The  designers  were  moti 
vated,  therefore,  to  use  hybrids  to  rerluce  the  physical  size  of  the  unit  to 


manageal)le  levels.  Cost/performance  trade-off  studies  revealed  the  desir- 
ability of  converting  three  cii-cuits  of  the  universal  test  point  to  hybrid  package 
configurations.  They  are: 

(1)  8-Channel,  Latching  Relay  Driver 

(2)  Digital  Stimulus  Buffer 

(3)  Measurements  Buffer 

The  studies  showed  that  the  desired  miniaturization  of  the  hardware  by  using 
hybrid  microcircuits  could  be  realized  without  cost  penalties,  even  in  rela- 
tively low  production  quantities^^\ 

The  Programmable  Interface  Unit  (PIU)  was  configured  as  a set  of  universal 
test  points,  plus  associated  buffers  and  multiplexers  to  perform  three  basic 
tasks: 

• Generate  and/or  route  analog  and  digital  stimulus  to  the  appropriate 
UUT  pin  or  pins. 

• Condition  and  route  analog  and  digital  measured  data  from  the  appro- 
priate UUT  pin  or  pins  to  the  ATE  measurement  subsystem. 

• Apply  programmable  loads  at  the  appropriate  UUT  pin  or  pins. 

In  addition,  the  PIU  contains  probes  and  discrete  connectors  for  routing  rf 
signals  (above  10  MHz)  and  high  current  (above  2 A /pin)  as  required. 

Universal  test  points  concept  is  shown  in  block  diagram  form  in  Figure  3. 
Each  universal  test  point  is  identical  in  design,  and  consists  of  a single 
printed-circuit  card  (see  Figure  4).  Hence,  the  overall  design  of  the 


Figure  3.  Programmable  Interlace  Unit  — a set  ol  universal-test-point  printed-circuit 
cards. 
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Figure  4.  Universal  test  point.  Each  UTP  consists  ol  a relay  malrla  lor  stimulus  routing,  a one-bit  slice  ol  a digital 
message  generator/receiver,  programmable  loads,  measurement  and  stimulus  butlers,  and  a dual  voltage 
comparator  (lor  threshold  error  detection). 
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Programmable  Interface  Unit  is  flexible,  in  that  numbers  of  universal  ^est 
points  may  be  added  or  deleted  as  required  in  order  to  create  ATE  systems 
capable  of  testing  large  or  small  equipments. 

Analog  Stimulus 

For  analog  stimulus,  the  Programmable  Interface  Unit  (PIU)  acts  as  a routing 
mechanism,  whereby  the  proper  stimuli,  generated  within  the  ATE,  are  routed, 
either  singly  or  in  combinations  to  the  appropriate  UUT  pin  or  pins.  Based  on 
past  experience  with  the  stimulus  requirements  of  hybrid  (analog  and  digital) 
UUT's  as  well  as  on  the  capabilities  of  the  ATE  system,  the  following  analog 
stimulus  buses  are  routed  to  all  UTP's: 

• Five  separately  programmable  dc  stimuli  (both  hi  and  lo  brought  out 
on  separate  buses). 

• Three-phases  and  neutral  of  a programmable  ac  power  supply. 

• Two- pulse  generator  stimuli  (main  and  delay  pulse). 

• One  arbitrary  waveform  generator. 

• Three  phases  of  a synchro  generator. 

• One  ac/dc  standard. 

Analog  Measurements 

All  analog  measurements  below  10  MHz,  and  at  amplitudes  up  to  ±200V,  are 
made  through  the  PIU.  A measurement  buffer/attenuator  on  each  universal- 
test-point  card  will  be  used  to  buffer  and  condition  the  signal  as  required  before 
routing  it  to  the  measurement  subsystem.  Each  test  point  is  connected  via  a 
set  of  relay  multiplexers  to  any  of  four  measurement  buses,  as  illustrated 
in  Figures.  MUX  "A"  consists  of  four  separate  16-to-l  relay  trees,  and 


services  up  to  sixteen  univei'snl  test  points  (UTi’s).  There  are  four  "B” 

MUX's,  each  a l(i-to-l  lelay  tree,  which  multiplex  the  outputs  of  all  "A"  MUXs 
onto  tlie  lour  measurement  buses.  Hence,  the  output  of  UTP  K can  be  program- 
mably  routed  to  BUS  Hi,  UTP  K t N to  BUS  #2,  UTP  K + M to  BUS  #3,  etc. 

Digital  Stimulus/Hesponse 

The  concept  of  a Programmable  Interface  Unit  consisting  of  a number  of  identi- 
cal UTP's  presents  a unique  opportunity  to  eliminate  a discrete  digital  message 
generator /receiver.  Instead,  one  slice  of  the  message  generator /receiver  is 
placed  on  each  UTP  board.  This  provides  an  optimum  configuration  for  noise 
immunity,  crosstalk,  and  skew.  Figure  6 illustrates  a typical  digital  test 
setup,  utilizing  three  UTP's. 


Figure  5.  Analog  measurement  routine  with  the  Programmable  Interlace  Unit. 


Figure  G.  Digital  Stimulus/Response  With  the  Programmable  Interface  Unit 


Digitiil  responses  aie  routetJ  to  the  coTuputer  for  evalujition,  using  a set  of  16- 
to-1  digital  multiplexers.  In  addition,  threshold  error  detection  is  utilized  on 
each  UTP  board,  and  a flag  set  upon  detection.  These  flags  may  be  examined 
by  the  computer,  using  the  same  digital  multiplexers. 

The  stimulus  buffer  is  capable  of  buffering  all  digital  and  clock  outputs  from 
the  256-bit  shift  register  used  as  the  digital  message  generator  and  receiver. 
This  buffer  consists  of  a programmable  level  shifter,  covering  the  range  from 
-6  to  +6  Vdc,  with  a slew  rate  of  250  V/^is,  or  covering  the  range  from  -30  to 
+30  Vdc,  with  a slew  rate  of  100  V//us. 

As  a source  of  sink,  the  stimulus  buffer  is  capable  of  up  to  100-mA  operation. 
Using  the  programmable  voltage  level  V„  and  V , the  stimulus  buffer  is 
capable  of  generating  logic  levels  from  -6  to  +6  Vdc  in  steps  of  less  than  5 mV, 
or  -30  to  +30  Vdc  in  steps  of  less  than  25  mV.  As  a source  of  digital  stimuli, 
the  buffer  is  capable  of  transmitting  data  at  rates  greater  than  10  MHz. 

The  measurement  buffer  is  capable  of  handling  input  signals  of  up  to  ±150  V in 
amplitude.  The  circuit  consists  of  switchable  attenuators  (-;-  1/+- 10/-:-  100) 
feeding  a very  high  speed  (slew  rate  1500  V/ps),  high-input-impedance  unity- 
gain  buffer.  Overall  loading  is  greater  than  1 megohm,  with  less  than  80-pF 
capacitance.  Bandwidth  of  this  buffer  is  greater  than  10  MHz.  As  shown  in 
Figure  4,  it  is  possible  to  programmably  b3T>ass  the  measurement  buffer  when- 
ever unbuffered  measurements  must  be  made. 

The  output  of  the  measurement  buffer  may  be  programmably  routed  to  the  shift 
register  when  receiving  digital  data.  Before  reaching  the  shift  register, 
however,  it  is  first  passed  through  a dual  voltage  comparator,  whose  upper 
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and  lower  voltage  limits  are  controlled  by  the  "1”  and  "0"  voltages. 

Thus,  it  is  impossible  to  check  high  and  low  logic  voltage  levels  in  steps  of: 

1 mV  to  ± 1 Vdc  50  mV  to  ± 50  Vdc 

5 mV  to  ± 5 Vdc  100  mV  to  ± 100  Vdc 

10  mV  to  ± 10  Vdc  500  mV  to  ± 500  Vdc 

The  236-bit  shift-register  chip  forms  a single  slice  of  an  n-bit  digital  message 

generator /receiver  distributed  over  all  n UPT's.  This  device  performs  the 
following  functions: 

(1)  Output  a static  parallel  signal  which,  in  conjunction  with  other  UTP's, 
could  mean  a static  parallel  output  word  of  up  to  n bits. 

(2)  Output  a clock  parallel  signal,  clocked  by  either  the  main  pulse, 
delayed  pulse,  or  external  clock,  at  rates  of  up  to  10  MHz. 

(3)  Output  a serial  stream  of  up  to  n bits,  either  as  a burst  or  continuously 
recirculated,  at  a data  rate  greater  than  2.5  MHz,  clocked  by  the 
main  pulse,  delayed  pulse,  or  external  clock. 

(4)  Input  a parallel  signal,  either  static  or  clocked  at  up  to  10- MHz  rate. 

(5)  Input  a serial  stream  of  up  to  n bits,  clocked  by  either  the  main 
pulse,  delayed  pulse  or  external  clock,  at  rates  of  over  2.5  MHz. 

Finally,  it  should  be  noted  that  the  switching  configuration  of  the  UTP  is  ideally 
suited  for  self- test  and  calibration,  since  any  of  the  stimulus  outputs  can  be 
routed  to  the  measurement  inputs  without  the  need  for  any  external  connections. 


Programmable  Loads 


In  addition  to  its  stimulus  and  measurement  capabilities,  the  Programmable 
Interface  Unit  contains  the  capability  of  applying  a programmable  load  resistor 
at  any  UUT  pin,  using  one  or  more  UTP's.  To  accomplish  this,  each  UTP 
board  contains  five  resistors,  which  permit  any  one  of  31  resistance  values 
to  be  connected,  either  in  series  or  shunt  at  the  pin,  A shunt- to-dc  return 
(up  to  5 A)  or  open  circuit  is  also  possible.  Unused  stimulus  buses  may  be 
assigned  as  common  buses  to  achieve  even  more  versatility. 

Test  Probes 


Three  probes  are  available  for  use  by  the  test  operator;  these  can  be  connected 
to  UTP's  so  that  the  probes  themselves  become  programmable  in  function. 

They  may  accept  ac  or  dc  voltages  to  200  V,  analog  waveforms  to  10  MHz  for 
frequency  or  time-interval  measurements,  or  digital  data  to  10  MHz.  In 
addition,  they  provide  all  of  the  stimulus  capabilities  of  the  UTP,  so  that  sig- 
nals may  be  injected  as  well  as  measured  at  internal  test  points.  Note  that 
with  two  probes,  dual-channel  time- interval  measurements,  as  well  as  stim- 
ulus/response testing,  are  possible.  The  third  probe  is  an  active  device,  used 
when  making  extremely  low  voltage  measurements  (down  to  100  ^V).  This 
provides  the  capability  of  amplifying  such  low-level  signals  prior  to  introducing 
them  into  the  ATE  routing  environment. 
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COMMAND  & CON’FROL  SYSTEM  APPLICATIONS 
USING  DEMAND-ASS IGNEU-MULTIPLE-ACCESS 
TECHNIQUES 

Donald  W.  Horner 

Motorola  Government  Electronics  Division 


At  Motorola  GED  in  Scottsdale, 
we  are  engaged  in  a TRI  TAC 
sponsored  Navy  contract  to 
develop  a Demand  Assigned  Mul- 
tiple Access  (DAMA)  System. 
Intended  principally,  tor  use 
with  UHF  satellite  Relays  such 
as  Gapfiller  and  eventually 
FLTSATCOM  the  system  could  al- 
so have  terrestrial  applica- 
tions . 

The  primary  function  of  UHF- 
DAMA  is  to  increase  the  througii 
put  of  a 25  KHz  satellite- 
relayed  channel  to  its  theo- 
retical/practical limit.  This 
increase  in  throughput  is  ob- 
tained by  a time-division- 
multiple-access  (TDMA)  techni- 
que wherein  low  to  medium  data 
rate  users  are  provided  store 
and  forward  burst  access  to 
the  channel  with  very  little 
guard  time  and  overhead.  TDMA 
efficiency  is  measured  by  sub- 
tracting guard  and  overhead 
time  from  the  theoretical  ca- 
pacity of  the  channel  and  di- 
viding the  result  by  the  the- 
oretical capacity.  DAMA  effi- 
ciency is  80  per  cent  for  the 
satellite  system  but  has  a po- 
tential maximumof  over  90  per 
cent  in  terrestrial  applica- 
tion such  as  the  mobile  sub- 
scriber access  subsystem.  We 
have  reviewed  the  architect- 
ural requirements  for  this  sub- 
system and  they  appear  to  be 
in  overall  consonance  with  our 
approach  in  UHF  DAMA. 


DAMA  is  a four  phase  program  which 
is  in  Phase  One.  (See  Figure  1) 

In  the  first  phase,  Motorola  will 
develop  the  TDMA  functions  and  pro- 
vide a manually  operated  Channel 
Control  Order  Wire  (CCOW)  and  Return 
Channel  Control  Order  Wire  (RCCOW) 
which  will  be  utilized  by  the  Navy 
for  manual  channel  management.  Also 
in  Phase  One,  Motorola  is  to  develop 
the  preliminary  design  of  an  Automatic 
DAMA  system  which  will  fully  automate 
the  channel  control  functions.  Since 
it  is  the  automatic  DAMA  system  which 
has  terrestrial  applications,  we  will 
concentrate  on  that  system. 

The  Automatic  DAMA  (which  will  be 
backwards  compatible  with  manual 
DAMA  hardware)  will  be  a micro-pro- 
cessor based  system  at  the  subscri- 
ber location  and  a mini-computer  at 
the  control  site.  The  subscriber  unit 
DAMA  will  be  capable  of  handling  four  10 
channels  arranged  for  half-duplex 
operation  or  two  I/O  channels  which 
can  be  connected  in  full  duplex  if  a 
full  duplex  radio  is  connected  (DAMA 
has  an  IF  interface  to  the  receiver^ 
transmitter.)  The  baseband  ports 
can  operate  at  data  rates  of  75,300, 
600,1200,2400,4800,  or  16, 000  BPS.  TDMA 
burst  rates  are  2400  and  9600  sym- 
bols/sec biphase  modulated  and  16.  19.2 
and  32k  bits 'second  quadraphase.  (See 
Figure  2 for  Design  Considerations.) 

Information  bits  are  uncoded  or  half 
or  three  quarter  rate  encoded  (Viterbi 
Algorithm) . The  encoded  bits  are  then 
randomly  interleaved  in  blocks  of 
224  bits. 


DAMA  is  much  more  than  a TDMA 
system  in  its  present  applica- 
tion. It  also  provides  for 
link  or  channel  management . UHF 


The  coding  and  interleaving  were  both 
specific  Navy  SATCOM  requirements 
generated  by  the  need  to  communicate 
in  severe  RFl  environment  aboard 
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larger  stiips  wliich  utilize  P- 
Band  air  search  radars.  Codes 
are  set  up  for  one  ^own  ship 
or  adjacent  ship  RFI)  or  two 
(own  ship  plus  adjacent  ship 
RFI)  interfering  pulses.  IF 
pulse  blanking  was  incorpora- 
ted in  the  modem  to  avoid/ to 
reduce  pulse  stretching. 

All  RF  channels  assigned  to 
DAMA  contain  a command-signal- 
ing slot  and  request-signal- 
ing slot  which  are  repeated 
each  frame.  These  slots  are 
utilized  in  the  Automatic  DAMA 
for  system  timing,  COMSEC  con- 
trol, System  Control,  call 
requests  and  subscriber  statua 
Each  signaling  slot  operates 
at  75BPS  baseband  bursting  at 
9600BPS  rate.  Both  are  pro- 
tected by  external  COMSEC  de- 
vices. The  control  slot 
transmits  a message  which 
spans  eight  TDMA  frames  while 
the  request  message  is  struct- 
ured to  be  transmitted  in  a 
single  slot. 

By  using  the  request  slot,  the 
DAMA  subscriber  is  able  to 
signal  his  request  for  a com- 
munications channel,  the  con- 
troller/alternate controller 
are  able  to  execute  control 
handover,  and  a net  controller 
allowed  to  request  new  nets. 
There  are  eight  distinct  mes- 
sages which  can  be  sent  on  the 
RCCOW  slots  which,  in  the 
aggregate  provides  much  more 
information  than  is  normally 
available  at  a wire-line 
switch.  The  RCCOW  can  not 
only  handle  the  three  requests 
mentioned  above  but  is  also 
able  to  report  in  and/or  re- 
quest a link  test  (maintaining 
the  unique  characteristic  of 
satellite  communications  which 
enables  the  sender  to  monitor 
his  own  signal  on  the  downlink 
side) , report  results  of  his 


link  test  (used  by  the  controller 
in  channel  assignments) , report 
the  conditions  he  is  experiencing 
locally,  cancel  a call  previously 
requested  and  report  relinquishment 
of  a circuit. 

In  the  control  message,  each  of  the 
request  slots  is  assigned  either  to 
an  individual  user  or  to  a prece- 
dence - level  where  random-access  can 
take  place.  Assignments  of  users  to 
a common  TDMA  slot,  slot  preemptions 
or  preemptive  warnings  and  new  net 
establishments  are  provided  in  each 
frame.  The  first  frame  of  the  eight 
frames  also  provides  system  status 
in  the  form  of  precedence  - level 
threshold  and  time-limits  established 
for  calls. 

There  is  also  signaling  exchanged  be- 
tween the  user  and  the  subscriber  unit. 
When  the  user  goes  off-hook,  the  sub- 
scriber unit  will  provide  a dial-tone 
(or  other  "data-ready”indicator)  to 
the  user  which  invites  him  to  insert 
his  demand.  The  user  then  inserts 
the  number  of  the  party/net  he  wishes 
to  call  and  the  precedence  of  his  call. 
The  subscriber  unit  stores  this  infor- 
mation until  the  first  available  re- 
quest slot  at  which  time  it  transmits 
the  signal  inserting  its  own  ID#  and 
indicator  that  this  is  the  first  trans- 
mission of  the  request.  At  this  time, 
the  subscriber  would  be  informed  by 
an  audio  burst  that  the  transmission 
had  been  sent.  If  the  request  slot 
selected  were  dedicated  to  that  user 
or  if  no  contention  was  encountered, 
the  call  is  acknowledged  by  the  con- 
troller to  the  subscriber  unit  in 
about  3 seconds.  At  this  time,  the 
subscriber  unit  would  inform  the  user 
by  another  audio  burst  that  the  call 
had  gotten  through  and  the  average 
"wait"  time  (in  seconds)  would  be  dis- 
played on  the  user's  instrument.  If 
the  wait  time  is  excessive  to  the 
user's  needs,  he  has  the  option  of 
canceling  the  call  or  re-inserting 
his  demand  at  a higher  precedence  level. 
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The  Automatic  DAMA  has,  at  tnis 
point  in  the  process,  provided 
the  user  with  more  information 
than  the  wireline  system  does. 
However,  there  is  more.  If, 
for  example,  a precedence  level 
threshold  had  been  established 
by  the  control,  the  subscriber 
unit  would  have  provided  an 
immediate  busy  signal  to  the 
user  equivalent  to  a "trunk 
busy"  signal.  If  the  called 
party  is  engaged  in  an  equal 
or  higher  precedence  call  a 
user-busy  signal  will  be  pro- 
vided to  the  user.  If  both 
parties  are  assignable  but  the 
system  is  so  busy  that  the  call 
must  be  put  in  queue,  a trunk 
delay  audio  burst  is  generated 
accompanied  by  the  wait  time 
(in  minutes).  Once  again,  the 
user  can  cancel  or  increase 
his  precedence  or  wait  for  an 
automatic  ring-back  when  the 
circuit  becomes  available. 

There  are  several  features  in 
Motorola's  UKF  DAMA  that  are 
peculiar  to  the  satellite  app- 
lications (See  Figure  3) . For 
example,  there  is  a TDMA  slot 
which  is  used  exclusively  for 
users  to  measure  their  range 
to  the  satellite.  In  a TDMA 
system,  a timing  reference  of 
some  sort  is  necessary  and  in 
a satellite  relayed  system, 
the  round  trip  time  of  a signal 
can  vary  from  about  240  to  280 
milli  -seconds  depending  on  user 
location.  The  DAMA  system  will 
automatically  transmit  periodic 
(period  in  hours)  ranging  sig- 
nals to  establish  a time  refer- 
ence at  the  control  stations 
within  ± 50  microseconds. 
Another  satellite  peculiarity 
also  stems  from  the  long  round 
trip  delay  time.  The  satellite 
user  must  key  his  transmitter 
240-280  milliseconds  prior  to 
the  beginning  of  his  assigned 
burst  time  and  in  the  half-du- 
plex user's  case  when  he  keys 
his  transmitter,  he  cannot 


receive.  Motorola  has  developed  a 
scheduling  algoritlim  which  avoids 
user  transmission  over  the  control 
slot . 

These  two  features  would  not  be 
required  in  the  Mobile  Subscriber 
Access  system  since  timing  due  to 
range  differences  would  be  within 
* 60  microseconds  (40KM  relay)  and 
hardware  guardbands  will  be  several 
orders  of  magnitude  above  that. 

The  TRI  TAG  Mobile  Subscriber  Access 
(MSA)  subsystem,  interfaces  the  wire- 
line  system  of  the  TTC-39  and  unit 
level  switch  with  the  mobile  radio 
system.  The  MSA  subsystem  consists 
of  the  Mobile  Subscriber  Central 
(MSG) , Mobile  Subscriber  Terminal 
(MST  I , including  single  channel 
radios  and  access  units.  We  shall 
use  MST  and  MSG  to  characterize  DAMA. 
The  MSG  DAMA  would  act  as  a net 
manager  for  radio  nets  and  would  allow 
time  sharing  of  the  VHF  nets  for 
record  traffic  users  and  provide 
frequency  agility  for  the  various 
voice  radio  users  which  reduces  their 
susceptibility  to  jamming. 

The  radio  operates  in  the  low  portion 
of  the  VHF  band  and  is  a 25l?Hz  channel- 
ized radio.  Current  usage  envisions 
FM  modulation  using  analog  baseband. 

It  would  be  relatively  simple  to  pro- 
vide a baseband  and  control  inter- 
face which  would  allow  for  digital 
bi-ternary  FSK  modulation  and  fre- 
quency hopping. 

In  this  interface.  Motorola's  DAMA 
would  be  much  simpler  than  in  the 
satellite  application.  DAMA  would 
consist  of  the  control  micro-pro- 
cessor, the  bi-ternary  generator,  a 
receive  bit  synchronizer  input ^out- 
put port  logic  and  a DC/DC  power 
supply . 

The  mobile  subscriber  application  would 
also  allow  for  much  simpler  frame  for- 
mats. In  the  satellite  mode,  there 
are  6 baseband  rates  (all  75  x 2")  and 
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5 bui-st  rates  (2.4,9.6,19.2,16  ami 
32kbps)  plus  2 code  rates  (34  and 
1 '2)  both  with  interleaving.  The 
MSA  DAMA  could  use  one  burst  rate 
(19.2  KBPS)  and  has  a sufliciently 
high  C/Nq  so  that  coding  and  low- 
er speed  burst  rates  provide  no 
noticeable  error-rate  improvement, 

A 19.2  KBPS  burst  rate  will  fit 
into  a 25KHz  channel  using  the 
bi-ternary  FSK  (formerly  duo-bi- 
nary) modulation  format  which  re- 
duces FSK  bandwidth  requirements 
by  a factor  of  2.  19.2KBPS  also 
has  the  following  advantages;  it 
is  a 75  X 2^  rate  thus  I 0 port 
timing  and  buffering  is  simpli- 
fied for  low  and  medium  data  rate 
users.  At  the  same  time,  it  will 
accommodate  the  16KBPS  voice 
(DSVT)  or  DNVT  user  and  still 
leave  3.2  KBPS  for  requests  and 
ciiannel  control  information. 

In  the  MS T application,  the  hard- 
ware guard  band  allowance  could  be 
allocated  as  fol*lows; 

1.5ms  = frequency  change 

1.5ms  = power  up 

1.9ms  = signal  acquisition 

Adding  the  range  and  clock  differ- 
ential of  120  microseconds  and 
180  microseconds  respectively 
(assuming  a 10~® 'sec  clock  capa- 
ble of  free  running  for  3 minutes) 
the  total  guard  time  appears  to  be 
about  5.2  milliseconds  or  100  bit 
counts  at  19,200  bits  per  second. 

Deleting  the  two  satellite  appli- 
cation time  slots  from  our  present 
format  and  increasing  the  control 
and  request  slot  lengths  to  200 
bits  each,  to  allow  for  slightly 
more  data,  the  basic  overhead  of 
the  MST  PAMA  is  600  bits  out  of 
19,200  or  a frame  efficiency  of 
96.35%.  The  effect  of  the  5.2 
millisecond  guard  time  between  any 
two  users  is  to  decrease  the  over- 
all efficiency  by  another  factor 
we  could  call  slot  efficiency.  For 
the  75  BPS  user,  slot  efficiency 


(throughput  divided  by  throughput 
plus  guard)  is  only  42.8*;  and  if 
t lie  entire  25KHz  channel  were  to 
be  tilled  by  75BPS  users,  the 
overall  elliciency  would  be  41.2%. 
(See  Figure  4)  il  one  16KBPS , one 
2.4KB1^S  and  one  75BPS  user  were 
allocated  slots  on  the  same  channel, 
then  the  overall  elficiency  would 
be  96.2%  lor  that  channel. (See 
Table  1) 

The  DAMA  control  microprocessor 
has  storage  lor  512  frame  formats. 
This  means  that  we  could  construct 
tables  containing  512  permutations 
of  the  MST  7 baseband  rates 
which  is  a reasonable  set  of  those 
possible.  The  frame  formats  stored 
tells  tlie  microprocessor  in  each 
DA.MA  what  baseband  rate  is  asso- 
ciated with  what  burst  time  marker, 
and  when,  in  the  19,200  bit  counter 
progression,  those  bits  should 
be  burst. 

The  concept  of  operation  for  MST 
DAMA  would  follow  closely  that  of 
the  UHF  DAMA,  The  user  would  sig- 
nal his  request  (in  the  clear  or 
encrypted)  to  the  Mobile  Subscriber 
Central  DAMA  which  would  respond 
with  an  acknowledgement  followed 
by  an  assignment.  In  this  assign- 
ment message,  a new  message  would 
be  added  which  would  refer  to  a 
frequency-hop  pattern  telling  both 
net  participants  which  frequency 
to  use  for  which  frame  number  and 
both  transmitter  and  receiver  would 
hop  together.  The  pattern  could  be 
generated  in  a random  manner  which 
would  make  the  system  highly  re- 
sistant to  an  intelligent  Jammer. 

The  precedence  threshold,  ring-back, 
user  signaling  and  other  attractive 
features  of  IIIIF  DAMA  would  remain 
as  fundamental  features  of  MST  DAMA. 

The  interface  with  the  unit-level 
switch  could  be  via  the  Access  Unit 
operator  who  would  be  rung  by  DAMA 
and  connected  to  the  user  who  would 
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verbally  provide  the  wire-line 
number  he  wished  to  reach  and  his 
precedence.  The  operator /user 
interface  would  be  "red  analog". 

At  the  point  of  electrical  con- 
nection, the  TTC-39  COMSEC  System 
would  set  both  the  users  COMSEC 
equipment  to  a common  key  and 
then  allow  communications.  Even- 
tually, this  interface  could  be 
unattended  with  the  wireline 
switch/DAMA  exchanging  in-band 
signaling.  Even  initially  the 
operator  need  not  become  involved 
in  the  net-radio  to  net-radio 
interface  as  this  would  be  handled 
by  DAMA. 

MST  DAMA  would  be  able  to  handle 
either  secure  TTY  Nets  or  store- 
and- forward  data  from  the  mobile 
radio  teletype  terminals.  The 
DAMA  input/output  port  buffers  ha\e 
the  capability  of  accepting  data 
at  the  baseband  rate,  storing  the 
data  until  the  TDMA  slot  assigned 
is  reached, and  bursting  it  out  to 
fill  the  assignment.  At  the  dis- 
tant end,  the  burst  is  received 
and  loaded  into  the  buffer  at  the 
burst  rate  and  then  clocked  out 
to  the  user  at  the  baseband  rate. 

The  UHF  DAMA  interfaces  are  all 
MIL-STD-188-100  low  level. 

Summary.  In  this  paper,  we  have 
presented  a review  of  the  capa- 
bilities projected  for  the  TRI 
TAC  sponsored,  Navy  developed  UHF 
DAMA  Automatic  Satellite  Communi- 
cations System.  This  system, 
capable  of  increasing  the  number 
of  subscribers  to  a 25KHz  satellite 
channel  by  a factor  (proportional 
to  user  baseband  rate  and  burst 
rate  mix)  up  to  80  percent  of  the 
theoretical  capacity  of  the  channel, 
will  have  very  sophisticated 
features.  These  same  features  with 
very  little  modification  could  be 
provided  in  the  terrestrial.  Mobile 
Subscriber  Access  Subsystem,  with 
the  addition  of  frequency  hopping 
and  the  unit  level  switch  inter- 


face. Such  an  application  would 
provide  Tactical  Communications 
with  sophisticated  service  at  a 
very  moderate  cost. 
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TITLE 


"COMMAND  AND  CONTROL  SYSTEM  APPLICATIONS  USING  DEMAND 
ASSIGNED  MULTIPLE  ACCESS  TECIfNIQUES" 


ABSTRACT  | 

Efficient  communication  management  is  provided  for  geographically  'ji 
spread,  diverse  data  users  by  time  sharing  transmission  channels  I'l 
using  a system  currently  under  development  by  Motorola  Inc.,  I 
Scottsdale,  Arizona,  under  a TRI  TAC  sponsored  U.S.  Navy  contract.  | 
The  technology  being  implemented  is  Demand  Assigned  Time  Division  || 
Multiple  Access.  i 


(DAMA) 

Demand  Assignment  automatically  allocates  channels  as  a function 
of  user  requests  through  in-band  orderwire  channels.  Time  Divi- 
sion Multiple  Access  allows  efficient  bandwidth/power  utilization 
by  providing  simultaneous,  on  demand,  access  for  many  users  over 
an  available  transmission  channel.  User  equipment  can  be  deployed 
on  a wide  range  of  mobile  and  fixed  platforms,  including  jeeps, 
ships,  and  aircraft. 

An  overview  of  several  DAMA  System  Applications  for  both  line-of- 
sight  and  relay  satellite  links  is  presented  in  this  paper. 


Biography  of  Author 

Don  Horner  was  born  in  New  Jersey  in  1932.  He  received  a BA  in 
Philosophy  from  St.  Mary's  University  in  1953,  a BS  in  Humanities 
and  Electrical  Engineering  from  M.I.T.  in  1962,  and  an  MS  in 
Management  Engineering  from  George  Washington  University  in  1970. 

Since  June, 1977,  he  has  been  employed  as  a Principal  Staff  Engineer 
at  Motorola  Government  Electronics  Division,  Scottsdale.  Arizona, 
assigned  to  the  UHF  DAMA  project  as  a Systems  Engineer.  His  in- 
dustry related  experience  includes  Spread  Spectrum  Systems  Engineer- 
ing and  Project  Management.  He  retired  from  the  U.S,  Navy  in  1974 
after  20  years  of  service,  the  last  seven  of  which  were  spent  in 
Washington  in  Satellite  Communications  Systems  Definition  and 
Engineering  and  established  the  Naval  Telecommunications  Systems 
Engineering  office  in  the  Naval  Electronics  Systems  Command. 


13^134 


ARCHITECTURAL  IMPACT  OF  FIBER  OPTICS  ON 
FUTURE  MILITARY  SWITCHING  SYSTEMS 


Dr.  Edmund  A.  Harrington 
GTE  Sylvania  Inc. 
Eastern  Division 
Needham  Heights,  Mass. 


ABSTRACT 

Significant  advances  in  fiber  optics  technology  have  been  made  in  indus- 
trial and  DoD  research  laboratories  during  the  past  few  years.  The  main 
impact  to  date  has  been  in  the  realm  of  the  transmission  plant.  However,  it 
is  expected  that  fiber  optics  will  soon  be  entering  the  switching  plant. 

This  paper  will  address  the  problem  of  phasing  in  fiber  optics  into  the  design 
of  military  switching  systems.  Various  fiber  optics  switching  architectures 
will  be  assessed  in  terms  of  their  present  and  future  cost  effectiveness. 


1.0  INTRODUCTION 


The  future  of  fiber  optics  in  military  telecommunication  networks  is  very 
promising.  Of  crucial  military  importance'"^  is  the  fiber  cable's  resistance 
to  EMP/lightning  effects,  the  ability  to  reduce  adjacent  channel  crosstalk 
below  -95  dBm,  reduction  in  weight  and  volume/unit  bandwidth  over  metallic 
cable  and  finally  the  reduced  number  of  repeaters  required  on  long  haul  trunk- 
ing links. 

The  principal  disadvantages  have  been  the  cost  of  the  fiber  cable,  the 
tactical  survivability  of  the  cable,  and  the  inability  of  the  fiber  cable  to 
transmit  DC  power.  In  the  future,  great  progress  is  expected  in  these  areas 
and  more  and  more  of  the  transmission  plant  should  convert  to  fiber  cable  sys- 
tems. This  will  certainly  impact  the  switching  plant. 

As  fiber  transmission  becomes  more  cost  effective,  the  architecture  of 
the  whole  telecommunications  switching  network  will  certainly  be  affected. 

This  is  examined  in  Section  2.0.  The  evolution  of  fiber  optics  across  the 
transmission/switching  interface  is  assessed  in  Section  3.0  and  its  eventual 
impact  on  the  architecture  of  the  switching  matrix  is  examined  in  Section  4.0. 
Finally  the  future  trends  of  fiber  optics  in  telecommunication  switching  net- 
works are  discussed  in  Section  5.0. 

2.0  IMPACT  ON  SWITCHING  NETWORK  ARCHITECTURE 


Optical  fiber  transmission  systems  promise  to  yield  very  wideband  tele- 
communication networks.  Areas  where  access  switching  was  used  to  conserve 
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transmission  bandwidth  may  not  be  necessary  in  the  future,  since  the  cost  of 
bandwidth  should  be  greatly  reduced.  In  addition,  the  cheaper  bandwidth 
should  also  enhance  the  use  of  wideband  digitized  voice  techniques.  This  is 
especially  important  to  the  military  because  of  the  communications  security 
problem.  Hence,  wideband  data  distribution  networks  should  increase  in  im- 
portance. 

Optical  fiber  transmission  systems  should  favor  a common  data  bus  net- 
work architecture.  Telecommunications  between  subscriber  terminals  can  take 
place  over  a common  optical  path  with  each  terminal  communicating  to  every 
other  terminal,  sending  out  information  on  a time  shared  basis. 

There  are  currently  two  main  configurations  being  considered  for  the 
optical  distribution  of  data  to  a set  of  remote  terminals.  One  is  a serial 
distribution  system  employing  access  or  T couplers,  and  the  other  is  a 
parallel  distribution  system  employing  a star  coupler.  A block  diagram  of 
an  N-terminal  serial  distribution  system  with  T couplers  is  shown  in  Figure 
1(a)  and  a similar  block  diagram  for  an  N-terminal  parallel  system  with  a 
star  coupler  is  shown  in  Figure  1(b).  These  configurations  can  supply  non- 
blocking  access  between  all  subscribers  without  any  switching  nodes  per  se. 

These  configurations  will  prove  cost  effective  for  a limited  number  of 
subscribers.  However,  for  a network  with  a large  number  of  subscribers  some 
form  of  optical  switching  will  still  probably  be  necessary  to  conserve  the 
optical  transmission  bandwidth. 

Also,  as  fiber  optics  penetrates  the  existing  transmission  plant,  it 
must  interoperate  with  the  switching  nodes  currently  in  place.  Hence,  there 
will  be  a need  either  for  some  type  of  conversion  at  the  transmission/switch- 
ing interface  or  modification  of  the  switching  node  to  accommodate  some  form 
of  direct  optical  switching. 

3.0  IMPACT  ON  TRANSMISSION/SMITCHING  INTERFACE  - PHASE  I 

The  initial  impact  of  optical  fiber  transmission  systems  o'  switching 
nodes  will  be  at  the  transmission/switching  interface.  Thus,  Cne  current 
terminal  circuit  will  have  to  be  modified  to  accommodate  optica''  fibers.  The 
terminal  circuit  will  have  to  incorporate  a fiber  optic  transmitter  and  re- 
ceiver. As  shown  in  Figure  2(a)  the  fiber  optic  transmitter/receiver  in  the 
terminal  circuit  will  allow  the  switch  to  interface  with  the  electrical  base- 
board signals  of  the  transmission  facility.  The  rest  of  the  switching  process 
can  take  place  in  the  normal  manner  and  only  the  terminal  circuit  is  affected. 

For  the  fiber  optic  transmitter  one  can  choose  from  a variety  developed 
for  the  transmission  world.  The  choice  of  the  transmitter  should  take  into 
account  the  output  power  required,  ease  of  modulation,  long  lifetime,  low 
cost,  and  fiber  compatibility.  Three  main  kinds  of  optical  transmitter 
sources  have  these  general  characteristics  - semiconductor  light  emitting 


diodes  (LEDs),  semiconductor  injection  lasers,  and  solid  state  lasers  such 
as  Nd:YAG.  Presently,  semiconductor  injection  lasers  are  the  most  promis- 
ing in  meeting  all  the  desired  characteristics. 

Optical  detection  for  the  fiber  optic  receiver  can  be  accomplished  by 
using  either  p-i-n  photodiodes  or  avalanche  photodiodes  (APD).  Both  photo- 
detectors are  wel 1 -developed  technologies.  Optical  receivers  using  p-i-n 
photodiodes  are  usually  thermal  noise-limited.  To  increase  the  sensitivity, 
avalanche  photodiodes  that  have  internal  amplification  are  used.  High  data 
rate  reception  using  APD  detectors  is  usually  limited  by  signal  shot  noise 
or  amplifier  noise.  The  status  of  the  optical  receiver  sensitivity  is 
shown  in  Figure  3,  where  required  power  is  plotted  as  a function  of  data  rate 
for  various  front-end  approaches®. 

4.0  IMPACT  ON  SWITCHING  MATRIX  - PHASE  II 

Just  as  digital  transmission  has  led  to  digital  switching,  so  also 
optical  fiber  transmission  should  lead  to  cost  effective  optical  switching 
(See  Figure  2(b)  ).  Direct  optical  switching  of  information  on  optical  fibers 
will  be  implemented  in  the  future  through  the  use  of  integrated  optics. 
Integrated  optics  treats  that  body  of  technology  wherein  guided  wave  structures 
including  semiconductor  lasers,  optical  waveguides,  optical  modulators  and 
switches,  diffractors,  and  couplers  can  be  fabricated  in  various  hybrid  semi- 
conductor structures. 

Various  laboratory  optical  switches/modulators  have  been  implemented  using 
electro-optic,  acousto-optic,  magneto-optic,  and  electro-absorption  effects  in 
bulk  materials.  The  first  three  effects  produce  refractive  index  changes  in 
response  to  the  appropriately  applied  electric,  acoustic,  and  magnetic  fields. 
The  last  effect  produces  a change  in  optical  absorption  in  response  to  an 
electric  field. 

Low  crosstalk  optical  switches  can  be  realized  readily  with  thin-film 
integrated-optic  structures.  Several  electro-optic  crosspoint  candidates, 
such  as  mode  converters,  Bragg  gratings,  and  directional  couplers,  have  been 
compared  in  a recent  report^.  Layout  drawings  are  given  for  a low  crosstalk 
matrix  employing  electrically  controlled  directional  couplers  as  tandem  cross- 
points,  and  a matrix  design  including  pairs  of  switchable  gra'^ings  is  also 
presented. 

However,  before  these  optical  switches  can  be  fully  utilized  in  a truly 
optical  data  transfer  network,  they  must  be  coupled  to  fiber  transmission 
lines.  A problem  related  to  the  polarization  state  of  propagating  waves  arises 
when  fibers  and  micro-optical  devices  are  connected® Since  both  polarizations 
are  usually  present  in  single  mode  fibers,  and  since  micro-optical  thin  film 
devices  usually  process  different  polarizations  with  different  efficiencies, 
the  performance  of  micro-optical  devices  is  expected  to  be  significantly  de- 
graded when  they  are  incorporated  in  a fiber  optical  data  network.  The 


problem  of  fiber/micro-opticdl  waveguide  coupling  is  currently  being  re- 
searched at  GTE  Laboratories  and  elsewhere. 

5.0  FUTURE  TRENDS 

In  another  five  years  or  so  one  should  see  the  prototype  implementation 
of  optical  fiber  telecommunication  networks  using  optical  repeaters  and 
switches.  Since  optical  fiber  transmission  links  have  already  been  installed 
in  GTE's  and  ATT's  commercial  networks,  systems  with  optical  repeaters/ 
switches  can  be  regarded  as  the  coming  "second  generation."  Integrated 
optical  components  will  enable  the  capabilities  of  the  optical  fiber  as  a 
telecommunications  medium  to  be  more  fully  utilized. 

The  full  capabilities  of  fiber  optic  networks  will  be  realized  when  the 
source  signals  are  designed  as  an  integral  part  of  the  network.  For  example, 
the  TV  camera  converts  optical  images  to  electronic  signals  which  are  sub- 
sequently processed  and  transmitted.  For  first  and  second  generation  systems 
the  electrical  signals  will  be  converted  to  optical  signals  before  trans- 
mission. It  is  logical  to  consider  the  construction  of  a TV  camera  such  as 
to  form  an  optical  image  which  is  optically  scanned  and  serialized.  This 
optical  signal  would  then  be  directly  switched  and  multiplexed  for  trans- 
mission via  fiber  systems.  As  another  example,  speech  may  be  converted 
directly  to  optical  signals  via  acousto-optical  transducers.  Optical  encryp- 
tion techniques  can  then  be  used  for  transmission  security.  This  type  of  sys- 
tem concept  should  alter  the  military  telecommunication  network  economics  in 
a fundamental  way.  The  individual  terminal  units  should  be  considerably 
cheaper  due  to  the  absence  of  the  extra  conversion  to  electrical  signals. 

This  fundamental  attack  on  the  subscriber  equipment  and  its  compatibility 
with  the  switching/transmission  media  may  well  result  in  a considerable  re- 
duction in  the  total  network  cost. 

The  evolution  of  optical  instrument/switching/transmission  systems  to 
the  third  generation  will  be  rather  gradual.  The  optical  fibers  themselves 
will  be  required  to  transmit  with  low  loss  and  low  dispersion  throughout  the 
visible  band;  new  optical  sources  will  be  required,  and  integrated  optics 
will  certainly  be  mandatory.  This  stage  of  military  switching  network  evolu- 
tion will  be  very  much  conditioned  by  the  success  of  the  first  two  stages. 
Fiber  optics  will  certainly  play  a major  role  in  all  phases  of  the  future 
evolution  of  military  switching  networks. 
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Figure  1.  Optical  Fiber  Distribution  Systems 
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Figure  2.  Impact  of  Fiber  Optics  on  Switching  Architecture. 
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